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Summary and conclusion 
Papaya ringspot virus (PRSV), considered to be the most economical and widely 
distributed virus limiting papaya production in various parts of the world, including Indian sub-
continent, induces symptoms like mosaic, leaf blistering, leaf distortion and shoe stringing of 
leaf lamina, water - soaked streaks on the trunk and ring spots on fruits. PRSV is a serious 
pathogen papaya in hidia. Several isolates of PRSV from India have been studied, but 
information on the variability of the isolates from India was limited. Therefore, the present 
study was taken up to (a) examine variability in PRSV in India through sequence analysis of 
the CP region, and (b) develop transgenic papaya lines, using PRSV coat protein region as 
transgene, for resistance to PRSV. 
1. PRSV isolates were collected from Chattisgarh (Raipur, CH), Himachal Pradesh 
(Solan, HP), Jharkhand (Ranchi, JK), Kamataka (Dharwad, KA3), Tamil Nadu 
(Coimbatore, TN), Uttar Pradesh (Lucknow, UP-LK). These isolates induce 
varying symptoms on papaya, like, mild mottle, mild mosaic, mosaic, leaf 
distortion and shoe stringing. Besides these, water soaked streaks on stem and 
ring spots on fruits were also observed under field conditions. On the basis of 
symptoms, isolates used in the present study formed two groups; the isolates CH, 
HP and JK induced only mild mottle and mosaic, whereas the other three isolates 
KA3, TN and UP-LK also induced leaf distortion and shoe stringing. 
2. In Immimosorbent electron microscopy (ISEM) decoration test using polyclonal 
antiserum of Delhi (DL) isolate, all the six isolates used were in the present study 
found serologically indistinguishable. 
3. Susceptibility of eight papaya varieties (CO-1 to CO-7 and Pusa Giant) was tested 
by sap inoculation and determination of virus titre by ELISA. Virus reached high 
titre in all these varieties, but all the CO varieties were found more susceptible to 
PRSV Pune mild isolate compared to Pusa Giant. 
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4. PRSV infection in Tamil Nadu, which is a major papaya growing state in India, 
has been reported for the first time in this study, 
5. A set of universal primers from conserved regions of Nib (HRP 50) and CP gene 
(RKJ 3) was derived to amplify the Ml CP region fi-om all PRSV isolates. 
6. The CP region of all the six isolates of PRSV from India was amplified by reverse 
transcriptase polymerase chain reaction (RT-PCR) using primers HRP 50 & RKJ 
3, but only CP regions of isolates TN and UP-LK were amplified using primers 
HRP 52 & RKJ 3. Lack of amplification fi-om other isolates by primers HRP 52 & 
RKJ 3 was due to variation in amino terminal region of these isolates. 
7. RT-PCR amplified CP regions were cloned and sequenced and compared with 
available sequences of PRSV isolates using CLUSTAL W software at both 
nucleotide and amino acid levels. The CP coding region of PRSV showed 
heterogeneity, as it varied from 852-858 nucleotides encoding 284-286 amino 
acids. The differences in length and sequence variation in the CP region were 
mainly confined to the amino terminal region of CP, particularly in KE repeat. 
Aphid transmission motif (DAG) was present in all the six isolates used in this 
study. 
8. Indian isolates shared 86-99 % and 89-100 % nucleotide and amino acid 
sequences respectively. On the basis of amino acids, maximum sequence 
divergence was obtained between the southern isolate AP and north - eastern 
isolates CG, JK, and UP-LK, and another southern isolate TN and north - eastern 
isolates JK and UP-LK (up to 11 %). Least divergence was between isolates AP, 
HP, KAl and KA2 and between isolates KA2 and TN, and between PU-M, PU-S 
and UP-V isolates (less than 3 %). 
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9. The overall sequence divergence among the PRSV-P isolates from India at 
nucleotide level was between 1 and 14% and at amino acid level between 0 and 
11 %, which is much greater than found between the PRSV-P isolates from 
Australia, Tthailand, Vietnam and the Americas. 
10. On the basis of cluster dendrogram and amino acid substitutions, Indian isolates 
formed three clusters; the south Indian isolates (AP, KAl, KA3 and TN) and one 
North Indian isolate (HP) formed one cluster, the East and North Indian isolates 
(WB UP-LK, DL, CH and JK) formed the second cluster and the West Indian 
isolates (PU-M and PU-S) along with one East Indian isolate (UP-V) formed the 
third cluster. But isolate HP formed cluster with the North and East Indian isolates 
on the basis of nucleotide sequences. 
11. Comparative amino acid sequence analysis of the PRSV isolates from different 
countries shared 89-100 % identity with the isolates from India and Bangladesh, 
while the other Asian, Australia and Americas (BZ, MK and US) were more 
closely related to each other (93-97 % identity). The Bangladesh isolate, however, 
shared only 70 to 73 % identity on the basis of nucleotide sequences. 
12. The CP region of PRSV Pune mild isolate (PU-M) in sense and in antisense 
orientation and of Tamil Nadu (TN) in sense orientation were engineered in pBI 
121 plant transformation binary vector and introduced into Agrobacterium 
tumefacience strain LBA 4404 through triparental mating. The sense fragment 
was also cloned in protein expression vector (QIA UA cloning vector) to validate 
frill CP frame. Cloning of CP region was confirmed by PCR and Southern 
hybridization. In the protein expression vector, PRSV CP was expressed by the 
TN construct but not by PU-M construct indicating frame shift in the latter. 
13. Regeneration protocol for papaya was developed and standardized by using 
Cotyledons, immature embryos, leaves, petioles, roots, stems and shoot tips as 
explants. Immature embryos, petioles, stems and shoot tips produced abundant 
calli in comparison to roots that produced less calli, but cotyledons and leaves did 
not produce calli. Among these, only calli produced from immature embryos 
showed somatic embryogenesis. 
14. CP sense construct of PU-M was used for A. tumefacience mediated 
transformation of calli developed from irmnature embryos (var. CO-7). 
Transformed papaya plants developed within six to seven months of initial 
transformation. 
15. Putative transformanats were identified in kanamycin selection medium and 
insertion of CP gene was confirmed by PCR and Southern hybridization. Out of 
eight putative transformed lines, five were found positive by PCR and Southern 
hybridization. 
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1. Introduction 
Papaya (Carica papaya L.), an important fruit crop of the tropical and subtropical 
regions, is a native of tropical America and was introduced in India in the 16* Century by 
the Portuguese and Spanish sailors. Papaya is mainly grown in Brazil, China, Congo, 
hidia, Indonesia, Mexico, Nigeria, Peru, Philippines, Taiwan and Thailand. Brazil is the 
largest producer with its estimated production of 1.6 billion kilograms, which is nearly 25 
per cent of the world's total output. Mexico is the second largest producer with an 
estimated 0.95 billion kilograms followed by Nigeria and India with 0.75 and 0.70 billion 
kilograms, respectively (Table 1.1). 
Table 1.1 World papaya productions during, 1999-2003 (Million kilograms) 
Country 
Brazil 
India 
Indonesia 
Mexico 
Nigeria 
Thailand 
USA 
Other 
Total 
Source: Basec 
1999 
1,402 
660 
450 
569 
748 
119 
19 
1,337 
5,305 
on Food an 
2000 
1,440 
700 
429 
672 
748 
119 
25 
1,546 
5,707 
d Agricultu 
2001 
1,490 
700 
501 
874 
748 
120 
25 
1,620 
6,078 
re Organizati( 
2002 
1,598 
700 
491 
877 
755 
120 
21 
1,631 
6,193 
)n (FAO), F^ 
2003 
1600 
700 
491 
956 
755 
125 
20 
1,697 
6,344 
^OSTAT data 
2004. 
In India, papaya occupies two per cent of the total area (3.88 million hectares) 
under fi\iit cultivation and shares about two per cent in total fruit production (45.37 
million tons). The major papaya growing areas in India are Andhra Pradesh, Kamataka, 
West Bengal, Assam, Bihar, Gujarat, Jharkhand, Madhya Pradesh, Maharashtra, Orissa, 
Tamil Nadu and Uttar Pradesh (Indian Horticulture Data Base, 2002). The most popular 
varieties of papaya in India are Burliar Long, Coorg Honey Dew, CO-1, CO-2, CO-3, CO-
4, CO-5, CO-6, CO-7, Pusa Delicious, Pusa Dwarf, Pusa Giant, Pusa Majesty and 
Washington. 
Papaya is primarily grown for its nutritious melon-like fruits and for milky latex 
containing the proteolytic enzyme papain. The wide acceptance of papaya fruits offers 
considerable promise for local and export markets, making papaya an important crop. 
Papaya cultivation is severely affected by several biotic and abiotic stresses. Among the 
biotic stresses. Papaya ringspot virus (PRSV) is a major limiting factor in improving 
papaya production. PRSV isolates which infect papaya and cucurbits are grouped as 
PRSV-P, where as those infecting cucurbits alone are referred to as PRSV-W. The latter 
type was earlier described as Watermelon mosaic virus-I (PurcifuU et al., 1984). PRSV 
is widespread in countries where papaya is grown, including Australia, 
Bangladesh, Brazil, China, India, Taiwan, Japan, Jamaica, Morocco, Mexico, 
Nepal, Sudan, Srilanka, Thailand, Venezuela, Vietnam and United States of 
America (PurcifuU et al., 1984). PRSV causes an array of symptoms in Carica 
papaya. These include vein clearing, mosaic and ring spots followed by blistering and 
reduction of leaf lamina. Ring spots and water-soaked streaks also develop on fruits and 
petioles. Plants are stunted with fewer and smaller fruits. Eventually, terminal necrosis 
sets in and the entire plant dies. The virus is sap-transmissible and it is also transmitted 
by numerous species of aphids {Aphis gossypii, A. medicaginis, A.nerii, Lipaphis 
pseudobrassicae, and Macrosiphum sonchi) in a non-persistent maimer (Varma, 1988; 
Gonsalves, 1998). 
In India, PRSV is reported to be a serious constraint in papaya production 
(Varma, 1988). It was first reported occur in western (Capoor and Varma, 1958) and 
northern (Bhargava and Khurana, 1970) parts of the country, where it remained confined 
for a long time. In the 1980's it started spreading to the southem parts of the coimtry, 
where papaya cultivation was taken up on a large scale. Subsequently, PRSV has also 
been reported from all the major papaya growing parts of the country (Jain et al, 2004). 
Considerable diversity amongst the PRSV has been reported from India (Jain et ai, 
1998), Brazil (GenBank) and Mexico (Silva Resales et al., 2000), but not amongst the 
isolates from Australia and USA (Quemada et al., 1990; Bateson et al., 1994). 
Recent studies have also shown greater diversity amongst the Indian isolates of 
PRSV compared to the other parts of the world (Bateson et al., 2002; Jain et al., 
2004). 
Traditional management practices like roguing, date of planting, intercropping, 
spraying with mineral oils and systemic insecticides and protecting the papaya seedlings 
with plastic bags have not been very successfiil. Groundnut oil (1% emulsion) sprays are 
reported to prevent infection by Aphis gossyii (Bhargava and Khurana, 1969). All the 
popular varieties of papaya grown in India are found susceptible, as resistance to PRSV is 
not available in C. papaya. However, some wild relatives are fovind to be resistant (Yeh 
and Gonsalves, 1984), and C. cauliflora is reported to be immune to PRSV (Capoor and 
Varma, 1961). The resistance from the wild species, however, has not been transferred to 
C. papaya (Varma, 1988). In the absence of natural resistance in C papaya to PRSV, 
cross protection sfrategy using mild strain of PRSV was used with limited success in 
minimizing the losses caused by PRSV (Yeh et al, 1988). This approach has not been 
widely used mainly due to predisposition of protected plants to other biotic stresses 
(Gibbs and Skotnicki, 1986). 
In the recent years, transgenic approach for the management of PRSV has shown 
good promise (Gonsalves, 1998). The Success of transgenic resistance, however, depends 
on the genetic diversity of PRSV population. Studies have shown that resistance is 
dependent on the homology of the transgene and the incoming virus. If the coat 
protein transgene sequences vary from that of incoming virus, the transgenic plant 
resistance may break down (Mueller et al., 1995; Tennant et al., 2001). The strain 
specific resistance limits the use of transgenic lines. In order to develop durable 
virus resistant transgenic plants, viral genes with high degree of sequence 
homology must be used as transgenes. 
In order to successfiilly utilize transgenic approach for the management of PRSV-P in 
India, the present study was undertaken with the following objectives: 
1) To deteraiine the molecular variability among Papaya ringspot virus (PRSV) 
isolates from different geographical locations by comparing the sequences of coat 
protein region. 
2) Regeneration and transformation of papaya with coat protein (CP) via 
Agrobacterium -mediated gene transfer. 
2. REVIEW OF LITERATRURE 
Papaya {Carica papaya) is an important fruit crop grown in tropical and 
subtropical lowland regions. Brazil, Mexico, Nigeria and India are the largest producers 
of papaya (FAO Database, 2004). Papaya is a fast growing herbaceous plant, and 
produces mature fruits within 9-12 months after seeds are planted. 
2.1 Economic uses of papaya 
Papaya is primarily grown for its nutritious melon-like fruits, which is rich in 
vitamins A and C and for milky latex containing the proteolytic enzyme papain. Ripe 
papayas are most commonly eaten fresh or as fruit salad. Firm-ripe papaya may be 
seasoned and baked for consumption as vegetable. Ripe flesh is commonly made into 
sauce for shortcake or ice cream sundaes, or is added to ice cream just before freezing; or 
is cooked in pie, pickled, or preserved as marmalade or jam. Papaya and pineapple cubes, 
covered with sugar syrup, may be quick-frozen for later serving as dessert. Half-ripe 
fruits are sliced and crystallized as a sweetmeat. Papaya juice and nectar may be prepared 
from peeled or unpeeled fruit and are sold fresh in bottles or canned. In Hawaii, papayas 
are reduced to puree with sucrose added to retard gelling and the puree is frozen for later 
use locally or in mainland USA in fruit juice blending or for making jam. Unripe papaya 
is never eaten raw because of its latex content. Even for use in salads, it must first be 
peeled, deseeded, and boiled until tender, then chilled. Green papaya is commonly 
canned in sugar syrup in Puerto Rico for local consimiption and for export. In India, 
imripe papayas are also used as vegetable. A yellow to brown, faintly scented oil was 
exfracted from the sun dried, powdered seeds of unripe papayas at the Central Food 
Technological Research Institute, Mysore, India. White and black seeds yielded 16.1% 
and 26.8% oil respectively and it were suggested that the oil might have edible and 
industrial uses. 
One of the best-known uses of papain is in commercial products marketed as meat 
tenderizers, especially for home use. A modem development is the injection of papain 
into beef cattle a half-hour before slaughtering to tenderize more of the meat than would 
normally be tender. Papain-treated meat should never be eaten "raw" but should be 
cooked sufficiently to inactivate the enzyme. Papain has many other practical 
applications. Much of the papain imported by USA is used to produce 'chill-proof beer 
since it prevents the cloudiness, which results from the precipitation of proteins. It is also 
used to treat wool and silk before dyeing, to de-hair hides before tanning, and it serves as 
an adjunct in rubber manufacturing. It is applied on tvma liver before extraction of the oil, 
which is thereby made richer in vitamins A and D. It enters toothpastes, cosmetics and 
detergents, as well as pharmaceutical preparations to aid digestion (Srivastava and 
Kumar, 2002). 
Latex is used to remove skin blemishes and scars. The ripe fiiiits and seed have 
medicinal properties against disorder of liver, spleen and digestive tracts. Throughout the 
tropics, consumption of papaya fioiits is considered to be an aid to digestion and an 
antihelminthic (Muthkrishnan and Irulappan, 2001). Dried leaves are smoked to relieve 
asthma or as a tobacco substitute. Studies at the University of Nigeria have revealed that 
extracts of ripe and imripe papaya fruits and of the seeds are active against gram-positive 
bacteria. Strong doses are also effective against gram-negative bacteria. The substance 
has protein-like properties. The fresh crushed seeds yield the aglycone of glucotropaeolin 
benzyl isothiocyanate (BITC), which is bacteriostatic, bactericidal and fungicidal. A 
single effective dose is 4-5 g seeds (25-30 mg BITC). In a London hospital in 1977, strips 
of papaya, which were laid on the woimd and left for 48 hours, cured a post-operative 
infection in a kidney-transplant patient; after all modem medications had failed 
(Muthkrishnan and Irulappan, 2001). 
2.2 Viruses affecting papaya cultivation 
About a dozen different viruses are reported to limit papaya production in 
different parts of the world (Table 2.1). Amongst these, Papaya mosaic virus and 
PRSV appear to be most widely distributed whereas other viruses have a restricted 
distribution. In India, PRSV is the most commonly occurring virus followed by 
Papaya leaf curl virus, which has a limited distribution. 
Table 2.1 Viruses recorded on papaya 
Virus group 
Cucumovirus 
Cucumber mosaic 
Virus 
Geminivirus 
Papaya leaf curl 
virus 
llarvirus 
Tobacco streak virus 
Nepovirus 
Tobacco ringspot 
virus 
Potexvirus 
Papaya mosaic virus 
Potyvirus 
Papaya ririgspot 
virus 
Soybean yellow bud 
virus 
Rhabdovirus 
Papaya apical 
necrosis virus 
Tobravirus 
Tobacco rattle virus 
Tospo virus 
Tomato spotted wilt 
virus 
Uncharacterized 
Papaya mild yellow 
leaf virus 
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2.2.1 Papaya ringspot virus 
PRSV is a major limiting factor affecting papaya industry world wide, 
including India (Fig. 2.1). It is a definitive member of the genus Potyvirus 
belonging to family Potyviridae (Van Regenmortel et al., 2000). The name 
'ringspot' has been derived from the prominent ring spots on the fruits borne on 
diseased plants. Jensen, who coined the term "Papaya ringspot virus", first 
reported the virus in 1949. The disease caused by PRSV has been described as 
mosaic (Capoor and Varma, 1958; Marathe and Sammanwar, 1984); leaf reduction 
(Singh, 1969) and distortion ring spot (Khurana, 1984). 
2.3 Symptomatology 
Symptoms induced in papaya by PRSV are variable and depend on stage of 
infection, plant vigour, temperature, virus strain and plant size (Conover, 1964). 
Characteristic symptoms of the disease include vein clearing, mosaic and ring spots 
followed by blistering and reduction of leaf lamina. Other key symptoms are intense 
yellow mosaic lamina and numerous "oily" streaks on petioles. The leaf canopy 
becomes smaller as the disease progresses due to the development of smaller 
leaves and stunting of the plant. Leaves often develop a shoe-string appearance 
caused by the extreme reduction of leaf lamina (Varma, 1988; Gonsalves, 1998). 
The disease also exhibits acute narrowing and distortion of leaf lamina showing 
lobes reduced into veins with streaks and rings on petioles, stem and fruit. Ring 
spot and streaks on stem and petiole often appear as greasy or water soaked spots 
(PurcifuU et al, 1984). Fruit yield and brix levels are markedly lower than fruit 
from healthy plants. Abnormal fruit development and development of second fruit 
within the normal fruit has also been reported as a consequence of PRSV infection 
(Jenson, 1949; Khurana and Bhargava, 1970). 
Papaya trees of all ages are susceptible. The infected plants generally 
develop symptoms two to three weeks after inoculation. Plants infected with PRSV 
lose their photosynthetic capacity and subsequently display stunted growth, 

deformed and inedible fruits, and eventually result in plant mortality. When 
infected at the seedling stage or within two months after planting, trees do not 
normally produce mature fruits. Production of fruit by trees infected at 
progressively later stages is severely reduced and of poor quality, owing to the 
presence of ring spots and generally lowered sugar concentration (Gonsalves, 
1998). 
2.4 Transmission 
The virus is sap-transmissible and it is vectored by 21 aphid species belonging 
to 11 genera in a non-persistent manner. The vectors include Myzus persicae, 
Aphis gossypii, A. medicaginis, A.nerii, Lipaphis pseudobrassicae, and Macrosiphum 
sonchi (PurcifuU et al., 1984; Mali, 1985; Varma, 1988). Amorphous inclusion protein 
(AI) is required as the helper component for transmission. The virus has also been 
reported to be transmitted by grafting, dodder {Cuscuta reflexa) and a bird species 
(Saltator coerulescens). Although there are isolated reports of seed transmission of 
PRSV through papaya seed (Bayot et al., 1990) which suggest the seed 
transmission in traces (about 0.0015 %), in most of the studies seed transmission 
of the virus in papaya has not been detected. 
2.5 Host range 
PRSV has a narrow host range restricted to three dicotyledonous families. 
Two pathotypes have been recognized based on the host range-type P and type W. 
Type P infects species in the families Caricaceae, Chenopodiaceae and 
Cucurbitaceae whereas type W infects species of Cucurbitaceae and 
Chenopodiaceae. Type W isolates are non-infectious to the species of family 
Caricaceae (PurcifuU, et al, 1984). Both PRSV-P and PRSV-W isolates occur in 
India. The host range of the isolates PRSV-P and PRSV-W from Delhi is restricted 
to Caricaceae and Cucurbitaceae, respectively (Roy et al., 1999). The isolates of 
PRSV-P from Uttar Pradesh also have a similar host range (Khurana, 1984), but 
those from Maharashtra (Yemewar and Mali, 1980) and Rajasthan have a wider 
host range infecting plant species belonging to families Chenopodiaceae and 
Cucurbitaceae, besides Caricaceae. Those findings indicate diversity in PRSV-P 
isolates in India. 
2.6 Particle morphology 
PRSV particles are flexuous filaments with 760-800 nm length and 12 nm 
diameters (Yeh et al, 1992). Leaf-dip preparations and ultra thin sections of 
papaya leaves show occurrence of filamentous virus particles in bundles in the 
cytoplasm lying close to cell wall. Virus particles from both 'P' and ' W isolates 
have single polypeptide species of apparent molecular weight of 34 kDa in SDS-
PAGE (Purcifull et al., 1984; Roy et al, 1999). 
2.7 Physico-chemical properties 
PRSV shows thermal inactivation point (TIP) between 54-60°C, dilution 
end point (DEP) of 10"^  to lO""* and longevity in vitro (LIV) of 8 to 24 h. 
Infectivity of the virus in papaya sap was lost after 8 h at room temperature, after 
heating to 54-56°C for 10 min. and by dilution to 10"^  (Conover, 1964). In squash 
sap, type ' W isolates were inactivated by aging for 40-60 days, by heating at 
60°C for 10 min or by dilution to SxlO""*. Type W isolates retained infectivity after 
storage for at least 6 years in dried leaf pieces over calcium chloride under 
vacuum at 4°C (Purcifull et al, 1984). 
2.8 Serological characteristics 
PRSV particles are strong immunogens. The antisera produced against its 
coat protein, and cylindrical and amorphous inclusions have been used to 
distinguish various Potyviruses using various serological assays (Gonsalves and 
Ishii, 1980; Purcifull et al, 1984; Yeh, et al, 1984). PRSV is closely related with 
Zucchini yellow mosaic virus (ZYMV) and distantly related to Bean yellow mosaic 
virus (BYMV), Potato virus Y (PVY) and Tobacco etch virus (TEV). PRSV-P and 
W are serologically indistinguishable (Yeh et al, 1984), whereas another type 
PRSV-T isolated from naturally infected squash on the island of Guandelope in the 
Caribbean Sea is non pathogenic to papaya and serologically distinguishable from 
'P' and ' W isolates (Quiot- Douine et al, 1990). PRSV-P and W isolates from 
Delhi were also found serologically indistinguishable and were more closely 
related to Amaranthus leaf mottle virus, Egg plant mottle virus and Henbane 
mosaic virus (Roy et al, 1999). 
2.9 Distribution and losses 
2.9.1 PRSV in Brazil 
Brazil is one of the largest producer of papaya worldwide (FAO Database, 
2004). PRSV was detected in 1969 from Southeastern states of Sao Paulo and Rio 
de Janeiro, where papaya commercial industry started in 1960's. In the 1970's 90 
% of the total papaya was produce in this region, which was reduced to 27 % in 
the 1980's and less than 2 % in the 1990's (Gonsalves, 1998). This was a direct 
effect of the destructive effects of PRSV forced the commercial Brazilian papaya 
industry to move from Sao Paulo and Rio de Janeiro to the mid-eastern and 
Northern more remote states, Espirito Santo and Bahia. Recently, Papaya maleira 
virus has emerged as the most destructive affecting papaya cultivation in the 
Espirito Santo State (Maciel- Zambolim et al., 2003). 
2.9.2 PRSV in Taiwan 
Unlike Brazil, Taiwan being a small island, could not escape from PRSV as 
it did not have any disease free areas (Gonsalves, 1998). PRSV was first recorded in 
southern Taiwan in 1975, and within 4 years, the virus had destroyed most of the papaya 
production in commercial orchards along the west coast of the island. The total yield of 
papaya dropped fi-om 41,595 t in 1974 to 18,950 t in 1977. During the same period, the 
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wholesale price increased six fold, from $ 3.67 to $ 20.70 per kilogram Taiwan dollars 
(Yeh et al., 1988). Due to the attractiveness of the high price of the fiiiit, the total 
planting area of papaya increased from 1,658 ha in 1975 to 4,498 ha in 1985, and soon 
the disease had become epidemic. As a result, Taiwan had lost the chance to export the 
fruit to Hong Kong and Japan, and even the domestic supply was insufficient. Moreover, 
papaya trees were grown as armuals or biannual instead of perermials because of severe 
infection (Yeh et al., 1988). Recently, efforts in developing virus resistant transgenic 
plants have provided a good hope to the papaya industry in Taiwan (Bau et al., 2004). 
2.9.3 PRSV in Hawaii 
The effect of disease was more severe in Hawaii. The papaya industry 
started in the 1940's on the island of Oaho, on about 500 acres. By the 1950's, 
production on Oahu was affected and the industry subsequently moved to Hawaii 
Island into the areas of Puna, which had no commercial production. Acreage 
increased to 650 by 1960 and to 2250 in 1990. In contrast, the acreage on Oahu 
fell to less than 50 by 1990. Remarkably, Puna remained free of PRSV for 30 
years. One incidence of PRSV was reported in Puna in 1965, but it was eradicated 
by rapid roughing of trees. The disease was again discovered in 1992 in a small 
plot in Puna, where over 95 % of Hawaii's papayas were produced. Within the 
next 3 years PRSV spread to entire Puna district, severely affecting nearly 100 % 
of the plants. Thus PRSV threatened to eliminate Hawaii's second most important 
fruit crop (Gonsalves, 1998; Ferreira et al, 2002). 
2.9.4 PRSV in Venezuela 
In Venezuela, Papaya is grown for both local consumption and export of 
fruit (Marys et al., 2000). Viral diseases appeared to cause significant production 
constraints (Vegas, 1993). Nearly 100 % plants were found infected with viruses, 
but the overall incidence of PRSV was around 54 % except for some regions 
where it reached 100 % in 1997. PRSV frequently occurs in mixed infections with 
Papaya mild yellowing virus and a Rhabdo -like virus (Marys et al., 2000). 
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2.9.5 PRSV in India 
As indicated earlier, PRSV is a destructive virus in the Indian sub-continent 
(Varma, 1988). PRSV was first reported by Capoor and Varma (1958) from 
Maharashtra. Subsequently, it has been reported from Rajasthan (Sureka et al., 1977) 
and Uttar Pradesh (Khurana, 1984). The virus seems to be widespread now and 
occurs wherever papaya is grown (Roy et al., 1999). The incidence of PRSV has been 
reported to be more than 90 % or even up to 100 % in some States (Jagdish Chandra 
and Samuel, 1999). The disease could affect over 90 % of the grown up plants, 
reducing latex and sugar contents (Khurana, 1970). Although there are no reliable 
estimates of the losses caused by PRSV, the disease has appeared in epidemic 
proportions in some regions and the papaya cultivation was reduced to an annual crop 
and to kitchen gardens. In the epidemic areas the disease was reported to be affecting 
the papaya ranging from 75 to 100 per cent. When infected at seedling stage, papaya 
plants did not produce mature fruits (Lokhande et al., 1992). Mortality of infected 
plants ranged from 20 to 60 percent when infected by certain strains of PRSV (Jagdish 
Chandra and Samuel, 1999). 
A survey of papaya plantations at Hadapsar and Phursungi (Pune district) 
revealed the presence of severe strain of PRSV to the tune of 90-100 % in var. Taiwan 
786. The samples showed severe symptoms on foliage; mosaic mottling and 
deformation of leaves, true to type symptoms of PRSV were produced by indexing on 
the papaya var. CO-2 and Cucurbita pepo. A survey conducted at the Fruit Research 
Station, Ganeshkhind (Pune) revealed the presence of PRSV to the tune of 80-100 % 
in the papaya vars. Taiwan 786, CO-2, Washington and RPTX RPT. High incidence 
(100 %) of a severe strain of PRSV was observed in a local variety of papaya at lARI 
Regional Station, Kalimpong (West Bengal) and in Pusa Dwarf at lARI Regional 
Station. Pusa, Samastipur (Bihar) (Annual Report, Indian Agriculture Research 
Institute, New Delhi 2003-2004). 
2.9.6 PRSV in Nepal 
PRSV was isolated in 1988 from papaya leaves with mosaic and leaf curl 
symptoms collected from Chitwan Valley (Shrestha and Albrechtsen, 1992), and now 
the disease has attained epidemic proportions in some -regions (Dahal and Shrestha, 
1991). 
2.10 Genome characterization 
PRSV genome has been well characterized. It possesses a single stranded 
translatable RNA molecule of 10,326 nucleotides encapsulated by coat protein of 35 
kDa each. Organization of the genome is comparable with other Potyviruses (Shukla 
et ciL, 1994), except that the first protein (PI) cleaved from N terminus of the 
polyprotein is 63 kDa, which is 18 to 34 kDa larger than those of other Potyviruses 
(Yeh et ai, 1992; Wang and Yeh, 1997) (Fig. 2.2). 
P1(63K) HC-
Pro(52K) 
P3(46K) CI(72K) P5 Nla(48k) Nib (59k) CP(35K) 
UTR 
Fig. 2.2 Schematic map of the Papaya ringspot virus polyprotein (Source: Yeh et 
al., 1992; Wang and Yeh, 1997) 
So far, the complete genome of three PRSV isolates from Hawaii (PRSV-HA) 
(Yeh et al., 1992; GenBank Ace. No: NC001785), Taiwan (PRSV-YK) (Wang and 
Yeh, 1997; GenBank Ace. No: X97251) and Thailand (GenBank Ace. No: AY162218) 
has been sequenced. Comparative sequence analyses shows that genomes of PRSV-
YK and PRSV-HA isolates possess 10,326 nucleotides excluding poly (A) tail at their 
3'end. Both the isolates encode a polyprotein of 3344 amino acids with a 5 leader and 
3 untranslated region (UTR). Except PI protein, which shares only 70.9% and 66.7% 
identity at nucleotide and amino acid levels respectively, the other proteins of the two 
isolates showed high degree of identity both at nucleotide (82.5 to 92.3%) and amino 
acid levels (91.2% to 97.6%), suggesting that the two isolates are strains of the same 
Potyvirus (Wang and Yeh, 1997). 
2.11 Molecular diversity in the coat protein of PRSV isolates 
Apart from the complete genome characterization of the three isolates of PRSV 
from Hawaii, Taiwan and Thailand, coat protein (CP) region sequences have been 
determined for the 73 isolates of PRSV-P, 34 isolates of PRSV-W and three 
uncharacterized isolates from different parts of the world (Quemada et al., 1990; 
Bateson et al, 1994; Wang et al, 1994; Jain et al, 1998; 2004; Davis and Ying, 
1999; Silva-Rosales et al, 2000; Bateson et al, 2002) (Table 2.2). Initial reports from 
the USA and Australia (Quemada et al, 1990; Bateson et al, 19-94) suggested little 
variation in PRSV in these countries. However, recent data from Mexico (Silva-
Rosales et al, 2000), Brazil (GenBank) and India (Jain et al, 1998; 2004) revealed 
greater sequence variation within other countries. Nucleotide and amino acid 
sequence divergence up to 14 % and 10 % respectively was observed between these 
isolates. 
The CP-coding region of PRSV isolates ranged in size from 840 to 870 
nucleotides. Nucleotide sequence differences between genomes were in multiples of 
three, maintaining the integrity of the reading frame and resulting in CP regions of 
between 280 amino acids and 290 amino acids. All differences in length were 
confined to the N terminus of the CP. Mostly variability occurred in one of the two 
hypervariable regions mainly resulting from differences in the number of KE repeats. 
Amino acid substitutions in this region were mainly conservative. The second region, 
of approximately six amino acids was considerably more variable in sequence 
although many substitutions were conservative. The remaining N-terminal sequences 
were quite conserved and were found in all isolates (Silva-Rosales el al, 2000; 
Bateson, et al, 2002). 
Based on CP sequence study, PRSV isolates from different parts of the 
world clustered in to 3 major groups namely Australia/American, South-East 
Asian and South Asian (Bateson et al, 2002). In general, the three sequences 
Table 2.2 Molecular characterization of Papaya ringspot virus isolates* worldwide 
Isolate/Origin 
AUSTRALIA 
AU01, AU02; AU03 
AU04; AU05; AU06 
USA 
P-FL; PHAW 
W-FL; US-PL 
MEXICO 
MX01; MX02 
MX03; MX04; MX05: 
MX06; MX07 
BRAZIL 
BZ01; BZ02 
BZ03; BZ04 
ASIAN 
China 
CH01 
Japan 
JA01 
India 
PU-M 
PU-S; DL; KA1; KA2; KA3; AP; WB; 
UP-V; OH; HP; JK; KA3; UP-LK; TN 
DL-W 
IN-W 
Philippines 
PHP01 
Thailand 
TH01 
TH02; TH03; TH04; TH05; 
TH06; TH07 
TH08;TH09;TH10;TH11 
TH12;TH13 
Vietnam 
VN01; VN02-029 
VN30;VN31;VN32; VN33; 
VN34; VN35-41; VN42-44; 
VN45; VN46; VN47; VN48; 
VN49; VN50; VN51 
Taiwan 
TW-01 
TW-02 
SR01 
Bangladesh BD 
Patho-
type 
P(3)** 
W(3) 
P(2) 
W(2) 
P(7) 
P(2) 
W(2) 
P(1) 
P(1) 
P(15) 
W(1) 
U(1) 
P(1) 
P(8) 
W(4) 
U(2) 
P(29) 
W(22) 
P(2) 
P(1) 
P(1) 
GenBank Accession No. 
U 1 4 7 3 6 - 8 
U14744; 589893; U14739 
D00595; X67673 
D00594; F196839 
AJ012649;AJ0112099 
AF309968; AF319468; 
AF319493; 
AF319499; AF319502 
AF344640; AF344647 
AF344678-9 
AF243496 
AB044339 
AY238880 
AY491011 
AY458617 
AY238884 
AY491011; 
AY238883; 
AY 458619; 
AF120270; AY 
458618; AY 238881; 
AY687386; AY 458620 ; 
AY238882; 
AY238885; AF063220; 
AY063221 
AF506845 
AF506894 
AY162218 
AF506898-900; AF506901; 
AF506902 
AF506892-3; AF506891; 
AF506890; 
AF506896-7 
U14742; AF506862-506898 
AF506841; AF506843 
AF506903; AF506846 
AF506848; AF506850-56; 
AF506859-61; AF506849; 
AF506844; AF506847; 
AF506858; AF506857; 
AFF06840; AF506842 
X78557 
AB044341 
U14741 
AY 423557 
Reference 
Bateson etal., 1994 
Bateson etal., 1994 
Quemada et a/., 1990; Wang 
ef a/., 1994 
Quemada et al., 1990; Davis 
and Ying, 1999 
Saliva-Rosales et al., 2000 
Unpublished 
Unpublished 
Unpublished 
Unpublished 
Unpublished 
Jain etal., 1998 
Jain etal., 2004 
Jain et al., 1998 
Bateson et al., 2002 
Bateson etal., 2002 
Unpublished 
Bateson etal., 2002 
Bateson et al., 2002 
Bateson et al., 2002 
Bateson etal., 1994; Bateson 
etal., 2002 
Bateson et al., 2002 
Wang etal., 1994 
Unpublished 
Bateson et al., 1994 
Jain et al., 2004 
U = Unconfirmed pathotype 
* = Total number of isolates characterized so far: Type P- 73: W - 34 and Uncharacterized (U) - 3 
" = Number in parenthesis indicates number of isolates from each country. 
from India and SriLanka formed a sister cluster to all the other sequences; in the 
neighbourjoining tree the SriLanka isolate was sister to the two Indian isolates. 
Among these groups, Indian isolates (Jain et al, 1998; Bateson et al, 2002) from 
South Asian group are most diverse and exhibited high sequence variation, 
probably representing the oldest population of PRSV. However, this needs io be 
supported by more sequence data from different isolates. Isolates from South-East 
Asia including Thailand, Vietnam, China, Japan and Philippines appeared to be a 
single mixed population with some well-defined subpopulations (Bateson et al, 
2002). CP gene of 3 Mexican isolates showed greater identity with the isolates 
from Australia and USA than those from with Asian (Silva-Rosales et al, 2000) 
and clustered with the Australian /American group (Bateson et al, 2002). Within 
the Australian/American group, the Mexican isolates were most diverse, 
suggesting that this was the population from, which the Australian and USA 
isolates diverged (Bateson et al, 2002). 
2.12 Evolution and molecular epidemiology of PRSV 
The variation within PRSV isolates was primarily related to geographical 
location rather than pathotype (Bateson et al, 1994). Based on the available 
PRSV sequences, there is evidence that the PRSV may have arisen in Asia, 
probably in the region of the Indian subcontinent (India / SriLanka) (Bateson et 
al., 2002). The clustering of P and W isolates within the regions including India, 
Australia, Brazil, USA, Thailand and Vietnam supports the hypothesis that PRSV-
P does arise from PRSV-W by mutation. This is also supported by the diversity of 
cucurbit-infecting potyviruses and virus isolates that are serologically related to 
PRSV (Quiot-Douine et al, 1990). Till now, PRSV has not been reported from 
Southern Africa while Moroccan watermelon mosaic virus (MWMV), which is 
phylogenetically closer to PRSV than to the other cucurbit potyviruses has been 
found predominantly only in Africa (North and South) and Europe (Quiot-Douine 
et al., 1990). This relationship supports the hypothesis that PRSV originated in 
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cucurbits somewhere in the region that extends between North Africa and India, 
may be in 16*''-17"' century when papaya was introduced in this region. 
Mexico also seems to have played an important role in the origin of PRSV, 
as the Mexican isolates show a greater divergence compared to the isolates from 
Australia, USA and Puerto Rico. It indicates the possibility of the spread of PRSV 
to other countries from Mexico (Bateson et al., 2002). PRSV-W was present for 
atleast 20 years before PRSV-P was found suggesting the possibility of emergence 
of PRSV-P through cucurbits (Greber, 1978; Thomas and Dodman, 1993). 
However, the origin and epidemiology of PRSV can only be further 
defined with the generation of more sequence data for isolates of PRSV-P and 
PRSV-W within different countries, particularly South America, North Africa, the 
Middle East and India (Bateson et al, 2002). 
2.12 Disease management 
Efforts to manage PRSV infection in different papaya growing regions have 
met with little success. Traditional management practices, like the date of 
planting, intercropping with maize as a barrier crop, spraying with mineral oils 
and systemic insecticides and protecting the seedlings with plastic bags have not 
been successful (Gonsalves, 1998). Although resistance to PRSV has been found 
in some wild relatives of Carica papaya, the desired level of resistance does not 
occur in papaya (Mekako and Nakasone, 1975; Conover, 1976; Conover and Litz, 
1978; Wang et al, 1978). In certain areas of Hawaii the spread of PRSV was 
contained for 30 years with a diligent survey and roguing programme (Namba and 
Higa, 1977). But, roguing of diseased plants was impossible in Taiwan, where the 
disease has become epidemic. In the absence of suitable management practices, 
cross protection has become an attractive strategy to control the disease (Yeh and 
Gonsalves, 1984; Wang et al, 1987). 
In India, The plants transplanted during October to December had 
significantly less PRSV infection compared to the plants transplanted between 
June to August. October planting resulted in maximum fruit yield per plant, lower 
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PRSV disease incidence, increase in the number of fruits per plants, increase in 
fruit weight, fruit length and fruit circumference. (Kudada and Prasad, 1991). 
Modification in planting dates has also been found useful in Mexico (Mora-
Aguilera er a/., 1996). 
2.12.1 Cross protection 
The phenomenon of cross protection i.e. protection of plants from severe 
isolate of a virus by pre-infection with mild isolate of the same virus was first 
observed by Mc Kinney in 1929. Since then 'cross protection' strategy has been 
successfully used in several virus-host combinations (Gibbs and Skotnicki, 1986). The 
mild protective virus isolate should: 1) not cause severe damage to the protected plant, 2) be 
stable for a long period, 3) protect plants against the effects of severe strains, 4) be suitable 
for infecting large number of plants, 5) not affect other crops in the vicinity of the crop 
protected, and 6) have no synergetic reactions with other viruses. 
'Cross protection' has been used to manage PRSV in papaya with varying 
success (Yeh and Gonsalves, 1984; Wang et al, 1987; Rezende and Costa, 1987; Yeh 
et al, 1988). A mild strain, PRSV- sum, selected from 230 isolates in Taiwan offered a 
certain degree of protection (Lin., 1980). Unfortunately this strain was not satisfactory for 
practical use in virus disease control, and isolation of another mild PRSV strain from the 
natural population was found difficult. Emphasis was thus shifted to artificial mutagenesis. 
Nitrous acid, a poweriul chemical mutagen for plant RNA virus, was used to induce mutation 
in a severe isolate of PRSV isolated from Hawaii (Gonsalves and Ishii, 1980). 
Crude sap from PRSV- infected squash was treated with nifrous acid (PH 6.0) and 
used to inoculate Chenopodium quinoa, a local-lesion host. Two mutants designated PRV 
HA 5-1 and PRV HA 6-1, which produced no symptoms in papaya, were obtained from 663 
single-lesion isolations. Papaya seedlings inoculated with these mild mutants remained 
symptomless or showed diffuse mottling with no reduction in plant size (Yeh and Gonsalves, 
1998). Both the mutants provided a high degree of protection in papaya against the severe 
strains of PRSV prevalent in Taiwan (Wang et al., 1987). Field 'cross protection trials imder 
natural growdng conditions accompanied by roguing of infected plants minimized the disease 
17 
pressure and resulted in 82 % increase in fruit yield and 111 % increase in income (Wang et 
al., 1987). This lead to large-scale field trials during 1984-1985, in which nearly 0.6 million 
papaya seedlings were inoculated with PRV HA 5-1 or 6-1 (Yeh et al., 1988). 'Cross 
protection' however is currently not recommended in Taiwan because growing papaya under 
screen enclosures is apparently a more economical practice (Fuchs et al., 1997). 
In Brazil also, preliminary results under green house conditions using 
cross-protected papaya were encouraging but protected plants showed symptoms 
after 4-6 months. The failure to protection was attributed to change in mild 
isolates due to mutation and selective competition (Rezende and Costa, 1987). In 
Thailand by contrast the mild isolate HA 5-1 did not provide a useful level of disease 
control, probably due to strain differences (Yeh and Gonsalves, 1984). 
In India also, possibility of using cross protection strategy to control PRSV 
has been explored. A naturally occurring mild strain of PRSV isolated from 
papaya fields in Pune was used for cross protection studies. Complete protection 
(100 %) under glass house condition was observed till 60 days after challenge 
inoculation at 15'*" day after protective inoculation; whereas partial protection (50 
%) was observed when protected plants were challenged 40 days after protective 
inoculation. However, there was breakdown of protection after 20 days when 
protected plants were challenge inoculated six times (Roy, 2000). Under field 
condition also papaya var. CO-2, when preinoculted with the mild isolate of 
PRSV, gave higher yield (14.9 kg per plant) compared to the unprotected plants (8 
kg per plant). There was no significant reduction in the number of fruits borne by 
the protected and unprotected plants. 
2.12.2 Genetically engineered cross protection 
The concept that the viral genes could confer protection was first 
documented in 1986 by expressing coat protein gene of TMV in transgenic 
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tobacco plants (Powell-Abel et al, 1986). Since then several genes from plant 
viruses are being tested for their ability to confer protection (Jain and Varma, 
2000; Varma et al, 2002). Coat protein (CP) is the most widely used region to 
generate viral resistant transgenic plants (VRTP) and the strategy is commonly 
referred to as coat-protein medicated resistance (CPMR) (Beachy et al, 1990; 
Grumet, 1994; Pappu et al, 1995; Varma et al, 2002; Dasgupta et al, 2003). 
Unlike cross-protection (Gibbs & Skotnicki, 1986), which is effective 
against a strain of the protecting virus, CPMR may provide broad spectrum 
protection depending on the amino acid sequence homology between CP regions 
of the challenging and protecting virus. However, the efficacy of protection under 
field conditions is greater for the homologous than for the heterologous virus. A 
study on Tospoviruses has shown that complete gene is not always necessary, and 
genome segment as small as 110 bp long could induce resistance (Jan et al, 2000). 
The mechanism of resistance by CP gene is either through the protein encoded by 
the transgene (protein mediated) or by the transcript of the transgene (RNA-
mediated) (Lomonossoff, 1995; Reimann-Philipp, 1998) or both (Yusibov et al, 
1998). 
2.13 Regeneration of papaya 
Effective gene transfer requires reliable and efficient protocols for plant 
regeneration. Several regeneration protocols have been developed for papaya using 
cotyledons, hypocotyls, immature embryos, roots, stems, shoot tips and shoot buds 
as explants (Table 2.3). 
2.13.1 Stem and shoot tip as explants 
Yie and Liaw (1977) successfully obtained tissue culture based plants starting 
from stem sections of papaya seedlings or shoot tip as explants. Stem sections when 
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cultured on undefined medium containing NAA and kinetin produced calli which 
regenerated shoots when transferred to a medium with lower auxin content. For 
regeneration from shoot tips, the same medium was used with some variation in the 
supplements for callusing and shooting (Table 2.3). In both the cases, rooting was 
achieved by transferring shoots on the medium containing vermiculite under polythene 
cover. The overall success in obtaining regenerated plants is not known. 
Arora and Singh, (1978) used 4-5 mm long stem pieces as explants in the study 
on the influence of growth hormones on in vitro callus formation in papaya. They 
obtained 100 % callusing using LS medium supplemented with NAA and 2,4-D. Best 
growth of calli was obtained in medium containing 0.1 mgf' NAA and 0.5 mgf' of 
kinetin. GA3 was found less effective as compared to NAA. Higher amounts of kinetin 
(2.0 mgl"') and NAA (0.2 mgl"') were found favorable for embryogenesis, but for rooting 
a smaller amounts of kinetin (0.2 mgl"') and NAA (0.5 mgl"') were required. Higher 
NAA in the medium decreased root differentiation. In these studies kinetin was not found 
essential for root differentiation but essential for root growth. They could obtain shooting 
and rooting cultures on simple medium devoid of auxins. 
Litz and Conover (1978) reported a procedure based on shoot tip culture for the 
propagation of adult papaya. GA3, along with kinetin, was found superior to other 
hormonal combinations for the establishment of explants (Litz and Conover, 1978; 
Mondal et al, 1990). Treatment with NAA and kinetin induced callusing at cut ends of 
shoot buds and multiplication of shoots was obtained on combination of BAP and NAA. 
IB A was most effective to form normal roots (Mondal et al, 1990). 
A major constraint for the establishment of shoot bud of papaya in 
culture has been the high susceptibility of the explants to bacterial contamination 
(Litz and Conover, 1978). The unbranched nature of papaya limits supply of shoot 
tips for establishing sufficient numbers of initial culture. Moreover, excision of 
shoot tips from adult plants often results in the death of the mother plants 
(Rajeevan and Pandey, 1986). To overcome these problems, Rajeevan and Pandey 
(1986) tried to establish regeneration system using shoot buds as explants. MS 
medium with different growth hormones, namely, lAA, IBA, NAA, NOA, 2,4-D, 
kinetin, BAP, 2ip and zeatin were tested for establishment of buds, shoot 
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multiplication and rooting of shoots. Maximum number of surviving buds was 
recorded at 50 ).iM kinetin and 10 |aM NAA concentrations. Maximum multiplication 
of shoots was found at 2.5 |iM of BAP and 0.5 |.iM of NAA and maximum number of 
shoots rooted with 20 |iM of IB A (Rajeevan and Pandey, 1986). The major problem of 
this study was the lack of shoot growth concomitant with the development of normal 
root system. It is argued that due to strong control of apical dominance on lateral 
buds, calli formed compact growth of proliferating cultures and did not develop 
elongated shoots even after rooting (Rajeevan and Pandey, 1986). This system was 
not found suitable for all the varieties of papaya. 
2.13.2 Petiole as explants 
Culturing of petiole explants (5-6 mm in length) excised from proliferating shoot 
cultures, raised from shoot apices of 5-6 month old field grown female papaya plant, MS 
medium supplemented with BAP (0.5-5 uM) and NAA (2.5-10 |iM) yielded moderate to 
high amounts of calli, which differentiated on BAP /NAA (2.0/0.5nM). Half MS medium 
with 0.3 \xW[ NAA and 0.5 \iM GA3 was suitable for root formation (Hossain et al, 1993). 
Seasonal variations during the development of anther (Tsay and Su, 1985), ovule 
(Litz and Conover, 1982) and immature embryos (Manshardt and Wenslaff, 1989; Fitch and 
Manshardt, 1990) in field grown papaya plants were found to influence the efficiency of 
somatic embryogenesis and plant regeneration. In order to overcome the inconsistency and 
difficulties for regeneration, Yang and Ye (1992) tried to establish an efficient system by 
initiating calli from petioles taken from seedlings, which germinated from mature zygotic 
embryos in vitro. MS medium with 2,4-D (2.5 |.iM) and BAP (0.4 fiM) was used to induce 
calli from petiole explants. Calli were transferred to MS basal supplemented with 5.0 \xM 
2,4-D for embryoid formation. The embryoids developed into multiple shoots on MS 
medium supplemented with BAP (0.1 |iM) and NAA (0.8 ^M) and roots developed on MS 
medium supplemented with IBA (2.5 \xM). 
2.13.3 Cotyledons as explants 
Litz et ill. (1983) developed a protocol to regenerate plants from lamina and midrib 
from cotyledons. Half-strength MS medium supplemented with 0.3-2.0 mgl"' BAP and 0.5-
3.0 mgl"' NAA for regeneration from midrib and 0.6-8.0 mgl'' BAP and 1.2-5.0 mgp' NAA 
for lamina were suitable for callus formation. The medium and environmental factors for 
adventitious root and shoot formation from these explants were also determined (Litz et al; 
1983), but they did not report the efficiency of the procedure for regeneration (Fitch and 
Manshardt, 1990). 
2.13.4 Root as explants 
Chen et al. (1987) obtained good regeneration of papaya tissues from root as 
explants. Calli formation was obtained from shoot tip, stem and root segments in the same 
culture, but the somatic embryogenesis was obtained only in root explants on half strength 
MS modified medium with I.O mgf' NAA, 0.5 mgl"' kinetin and 1.0 mgl"' GA3. This showed 
that the success of callus induction and embryogenesis of papaya is dependent on the tissue 
used as explants and the medium composition. 
2.13.5 Immature embryos as explants 
Embryogenesis was found better when immature zygotes were used as explants, 
compared to the use of other tissues as explants. (Tulecke and McGranahan 1985; Fitch 
and Manshardt, 1990). Immature zygotic embryos obtained from open-pollinated and 
selfed papaya fruits (90-114 days post-anthesis) developed 2 to 20 somatic embryos on 
apical domes, cotyledonary nodes, and radicle after culturing for three weeks on half-
strength MS medium supplemented with 0.1 to 25 mgl"' 2,4-D, 400 mgl"' glutamine and 
6 % sucrose. After 6 weeks of culture, about 40 to 50 % of the zygotic embryos became 
embryogenic, and each embryogenic embryo yielded hundreds of somatic embryos 
within five months of culture on media supplemented with 2,4-D. Somatic embryos 
matured on half-strength MS medium, germinated on MS medium containing 5 mgl"' 
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kinetin and grew large enough for green house culture on MS medium (Fitch et al, 
1990). 
2.13.6 Hvpocotvl as explants 
Fitch et al. (1993) obtained high frequency of somatic embryogenesis by culturing 
hypocotyl sections from ten-day-old seedlings on half-strength MS medium with 4.5 |aM 
2,4-D and 7 % sucrose. Somatic embryos developed into normal - looking plants on MS 
medium with the subsequent transfer on maturation (MS medium devoid of 2,4-D 
containing 6 % sucrose), germination (MS medium with 1.0 |aM BAP, 0.5 |iM kinetin 
and 2 % sucrose) and rooting (MS medium containing 5.0 |iM IBA) media. However, 
somatic embryos were produced more quickly from zygotic embryos than from 
hypocotyls. However, the calli developed from hypocotyls as explants showed less 
abnormality due to shorter period of exposure of 2,4-D. 
2.14 Transformation of papaya by CP region of PRSV 
2.14.1 Transformation of papava through particle bombardment 
The coat protein region of mild strain of Hawaii isolate (HA 5-1) was cloned, 
sequenced (Quenmada et al, 1990) and engineered into tobacco plants through 
Agrobacterium tumefacience. Fitch et al. (1992) transformed papaya via the biolistic 
method with a vector containing NPTII and GUS genes and the CP gene of PRSV HA 5-
1 using embryogenic calluses. Putative transgenic papaya plants, regenerated on 
kanamycin-containing medium were assayed for GUS and PRSV CP inserts by 
Polymerase Chain Reaction (PCR) and genomic blot hybridization analysis. Four 
transgenic plant lines showed varying degree of resistance to PRSV, and one line 
appeared to be completely resistant (Fitch et al, 1992). Using the same strategy, 
transgenic line 55-1 of var. Sunset was produced. This line showed high degree of 
resistance to PRSV under field conditions for 24 months. Fruit brix, plant morphology 
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and fertility of 55-1 plants were similar to non-transgenic plants, and no pleiotrophic effects 
of the CP gene were observed (Lius et al., 1997). 
Cai el al. (1999) developed an effective regeneration system using biolistic method 
that targeted a thin layer of embryogenic tissue. The first key factor was in this protocol 
spreading of young somatic embryo tissues that arose directly from excised immature zygotic 
embryo, followed by another spreading of the actively growing embryogenic tissue 3 days 
before biolostic transformation; and (2) spreading of somatic embryos on filter paper before 
bombardment to select the embryos at uniform development stage of rapidly dividing cells. 
This is the first report of spreading papaya somatic embryos on filter paper in order to select 
the embryos at a right stage and induce rapid cell growth. However, this could also be a 
disadvantage since the transformation results in each experiment are dependent on the 
viability of fewer embryos. The second key element of the protocol was to use kanamycin 
selection only during the first cycle of embryogenesis after transformation. Thus the harmful 
effect of kanamycin on further growth of tissue culture plants was avoided (Gray and 
Meredith, 1992; Yepes and Aldwinckle, 1994). The adverse effect of kanamycin on papaya 
tissue culture was also observed by Mahon et al. (1996), as kanamycin slowed growth rate of 
embryos after 5 months on kanamycin at levels of 150-300 mg'"'"'. After reduction of 
kanamycin to 25 mg'"'"', the growth of these embryos did not reach the growth rate of 
controls on non-selection medium. The third element was the transfer of embryo clusters 
with finger-like extension to maturation medium. Such embryos always germinated after they 
were placed on germination medium. The fourth element for improving the transformation 
protocol was to simplify the rooting procedure (Cai et al., 1999). This transformation method 
was found both efficient and reproducible using this protocol. Cai et al. (1999) obtained 83 
transgenic lines originating from 63 immature zygotic embryos from seven varieties of 
papaya, showing that the method can be widely applied. 
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2.14.2 Ai>rohacteriiim mediated transformation of papaya 
Pang and Sanford (1988) transformed papaya leaf disks with A. tumefaciens but did 
not get regenerates. Fitch et al. (1993) used a efficient regeneration protocol for co-
cultivation developed by Fitch and Manshardt (1990) from immature zygotic embryos and 
from young hypocotyl sections by Fitch et al. (1993). After about a year of maintenance, 
freshly explanied hypocotyl sections were not found suitable for Agrobacterium-mQdi\?i\QA 
transformation. However, putative transgenic embryos were obtained in six to nine months 
after co-cultivation of embryogenic calluses and somatic embryos obtained from zygotic 
embryos with A. tumefaciens, compared to four months after similar tissues were transformed 
via microprojectile bombardment (Fitch et al., 1990, 1992). The delay in generating 
transgenic through Agrobaclerium mediated transformation could be due to the difficulties 
encountered in decontaminating tissues. Although the number of transgenic lines recovered 
following co-cultivation was small, GUS was expressed in all the 13 somatic embryo lines as 
well as in the five plant lines regenerated fi-om them. In contrast, only about one third of the 
isolates from particle bombardment expressed GUS (Fitch et al., 1990, 1992), reflecting 
vector genes that apparently become a common problem associated with the micro projectile 
bombardment (Fitch et al., 1993). 
Yang et al. (1996) established a system for introduction of foreign genes into papaya 
plants by Agrobacter'mm-mQd\?XQA transformation, using petioles from tissue culture raised 
multishoots as explants and bacterial neomycin phosphotransferase II (NPT II) gene and P-
glucuronidase (GUS) gene were used as selection marker and reporter respectively. The 
normal-appearing papaya lines obtained in this experiment grew as well as the non-
transformed papaya plants in the green house. Thirteen putative transgenic lines were 
obtained from a total of 415 petiole fi-agments treated. Strong GUS activity was detected in 
the selected putative transgenic calli or plants by fluorogenic assay, PCR, Southern and 
Western blotting. However, the lengthy regeneration process (10-11 months after 
transformation) and the high frequency of abnormalities in the regenerated plants limit the 
application of this method (Cheng et al., 1996). 
Cheng et al. (1996) described an efficient Agrobacterium-mtd\Q.\.Qd. 
transformation method based on wounding of cultured embryogenic tissues v/ith 
carborundum in liquid phase. The average transformation frequency in this investigation. 
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by wounding with carborundum prior to Agrobacterium-mediated transformation, was 
15.9 %, which was much better than the success obtained by particle bombardment (0.42 
%) and Agrobacterium-mediated transformation (0.6 %). (Fitch et al., 1990,1993). 
2.15 Development of transgenic papaya for resistance to PRSV 
An example of the commercialization of genetically modified crop to 
protect against virus comes from the papaya industry in Hawaii (Ferreira et al., 
2002; Gonsalves, 1998; Nigel G Halford, 2004, www.aps.org/online/ringspot 
2004). 
Hawaii is a major commercial papaya producer in the world. Papaya 
production in Hawaii started on island Oahu in 1940, but it had to be abandoned 
by 1950 due to the high incidence of PRSV. Papaya production was then relocated 
in the Puna region, which was free from PRSV, but in 1992, PRSV appeared in 
this region too resulting in a decrease in papaya production by nearly 38 % 
between 1993 and 1997. During this time transgenic papaya line HA 5-1 resistant 
to PRSV was developed using the CP region from mild mutant of original isolate 
PRSV HA. The CP was engineered by incorporating a 5' untranslated region and 
the translation initiation codon ATG from Cucumber mosaic virus at N terminus of 
the gene (Ling et al., 1991). Later, the same gene was utilized for tansforming 
papaya vars. Sunrise and Kapoho by bombarding embryogenic tissues with 
tungsten particles coated with DNA of the PRSV HA 5-1 coat protein gene (Fitch 
et al., 1992). The regenerated plants, designated as 55-1, showed high level of 
resistance to a severe isolate of PRSV in Hawaii. Papaya line 55-1, a transgenic 
Sunset was red-fleshed, whereas the dominant cultivar growing in Puna was the 
yellow -fleshed kapoho. 
Subsequently, the focus was on transferring the resistance to commercial 
varieties of papaya suitable for Hawaii. From the line 55-1, two varieties were 
derived namely, UH Sun Up (Sun Up), homozygous for transgene and the other 
UH, hybrid between transgenic Sun Up and the non-transgenic papaya cultivar 
Kapoho (Manshardt, 1992, 1998; Tennant et al., 2001). Ri generation obtained by 
crossing line 55-1 with non-transgenic var. Sunset was resistant to Hawaii isolates 
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of PRSV but was susceptible to PRSV isolates out side Hawaii. However, field 
trails with Ro plants showed that line 55-1 was effective in controlling PRSV in 
Hawaii (Gonsalves, 1998). 
Under field conditions in Hawaii, transgenic papaya line 55-1 showed excellent 
resistance throughout the two-year trial. Nearly all (95 %) of the non-transgenic plants 
and those of a transgenic line that lacked the coat protein gene developed typical PRSV 
symptoms by 77 days after the start of the field trial, whereas line 55-1 plant showed 
symptoms. Fruit quality and plant growth characteristics of line 55-1 were similar to 
'Sunset' which gave confidence that line 55-1 could be used for managing PRSV in 
Hawaii, or atleast on Oahu island (Gonsalves, 1998). 
Two varieties "Sun UP' and "Rainbow" were subsequently derived from line 
55-1. The epidemic of PRSV by October 1994 in Puna district of Hawaii made it 
urgent to test varieties Sun Up and Rainbow under field conditions in order to save 
the papaya industry. In October 1995, a field trial of Sun Up and Rainbow was 
established in Puna to determine transgenic resistance against PRSV. Except for 
three plants that showed infection at the beginning of the trial, none of the transgenic 
plants were infected even 27 months after starting the trial. In contrast, 50 % of the non-
transgenic control plants within the experiment and in border rows were infected within 
four and a half months after transplanting; and all were infected by seven months 
(Gonsalves, 1998). 
Fruit production data of Sun Up and Rainbow showed that yields were at least 
three times higher than the industry average, while maintaining horticultural properties 
(Ferreira et al, 2002). The above two transgenic varieties occupied an area of 1600 acres 
with a net gain of 17 million US $ (Gianessi et al, 2002). The growth differences 
between the transgenic and non-transgenic plants were remarkable; transgenic plants 
grew vigorously with dark green leaves and fiill fioiit columns, whereas non-transgenic 
plants were stunted with yellow and mosaic leaves and very sparse fiiiit columns. The 
transgenic papaya varieties performed much better than the non-transgenic papaya 
plants. 
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2.16 Transgenic papaya as a model for technology transfer 
Following a similar strategy, 45 transgenic lines were developed in Taiwan, of these, 2 
lines were immune and 10 were highly resistant to PRSV YK (Taiwan PRSV isolate). 
These PRSV resistant lines also showed a high degree of broad-spectrum resistance 
against PRSV strains from Hawaii, Thailand, and Mexico vmder green house conditions. 
(Bau et ah, 2003). Four promising transgenic papaya lines were evaluated under field 
conditions for their reaction to PRSV infection and fiiiit production in 1996 to 1999. 
Three to five months after planting, none of the transgenic lines delayed symptoms 
whereas all the control non-transgenic plants were severely infected. In other trials, 20 to 
30% of the transgenic plants showed mild symptoms consisting of confined mottling or 
chlorotic spots on leaves. Interestingly, there was no apparent adverse effect on fruit yield 
and quality. Apparently, in transgenic plants distribution of PRSV was restricted to 
leaves, and did not move to fruits, which were ELISA negative (Bau et al., 2004). 
In Venezuela, local papaya varieties, transformed with CP region isolated two 
Venezuelan isolates of PRSV, (VE and LA), (Fermin, 1996). The CP genes of these 
PRSV isolates showed 92 to 96 % nucleotide and amino acid sequence similarity, 
respectively. Four PRSV- resistant Ro plants were intercrossed or selfed, and the 
progenies were tested for resistance against the homologous isolates VE and LA, and the 
heterogonous isolates HA (Hawaii) and TH (Thailand) under greenhouse conditions. All 
the fransgenic plants showed higher resistance against the homologous isolates and least 
with TH. These results also indicate that the resistance imparted by PRSV CP region is 
more effective against the homologous virus isolates than the heterologous isolates of 
PRSV (Ferminera/., 2004). 
Differences in the resistance of plants to the heterologous isolates of PRSV could be due 
to (a) variation in the virulence of different isolates of the virus, and (b) sequence identity 
of the transgene and the isolate used for challenge inoculation. Broad spectrum resistance 
obtained by using transgene from the YK isolate could have been achieved due to more 
than 89 % sequence identity in the CP coding region and 3' non-coding region of the 
other isolates of PRSV (Bau et al, 2003), whereas the fransgene used by Fitch et al. 
(1990) had shorter 3' noncoding region, which gave homologous resistance but not the 
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heterologous resistance. Mueller et al. (1995) have indicated the need for more than 88 % 
sequence identity for the operation of RNA-mediated resistance, whereas Moreno et al. 
(1998) have suggested that more than 90 % sequence identity more effective. For Pea 
seed-borne mosaic virus, 89 % sequence identity of the Nib gene has been just effective 
in obtaining broad-spectrum resistance (Jones et al., 1998), whereas for Plum pox virus, 
84 % sequence identity resulted in breakdown of resistance (Guo et al, 1998). 
2.17 Specificity of transgene 
Transgenic papaya developed in Hawaii was resistant to locally prevalent 
strain PRSV HA and were susceptible to a number of PRSV isolates worldwide. 
PRSV recombinants with substitutions of the whole or partial CP sequences and / 
or 3'-non coding region (NCR) from a PRSV strain from Taiwan (YK) were 
inoculated to 'Rainbow'. Recombinants with nucleotide changes in the CP region 
broke the resistance of Rainbow, including a recombinant with only five 
nucleotide differences from the transgene (Chiang et al, 2001). Thus, the 
resistance is dependent on the homology of the transgene and the incoming virus. 
If the coat protein transgene sequences vary from that of incoming virus, the 
transgenic plant would be susceptible to the virus. This was also evident the 
susceptibility pf papaya transgene varieties SunUp and Rainbow. SunUp was 
derived from transgenic papaya line 55-1 (Fitch et al., 1992) and is homozygous 
for a single insert of the CP region of PRSV HA 55-1 (Tennant et al, 2001). 
Rainbow is a hybrid of SunUp and the non-transgenic papaya var. kapoho. It is 
therefore hemizygous for the CP region (Manshardt, 1999). All the inoculated 
Rainbow and Sun Up plants were found susceptible to PRSV isolates collected 
from Brazil, Jamaica and Thailand as these isolates shared 89.5 to 92.5 % 
sequence identity with the transgene, but were resistant to Hawaii isolate that 
shared atleast 97 % identity to the CP transgene (Tennant et al, 2001). These 
findings indicate limitations of CP derived resistance and indicate the need to use 
viral genes with high degree of sequence homology as transgenes for developing 
durable resistance. 
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Broad-spectrum resistance to PRSV in papaya has been developed in Taiwan 
through Agrobacterium-mediated transformation using the CP-region of PRSV-YK (Bau 
et ai, 2003). They obtained 45 putative transgenic Hnes containing the transgene. 
Resistance in these Unes varied from delayed symptoms to complete immunity. The level 
of resistance in different lines was negatively correlated with the level of transgene 
expression indicating RNA-mediated resistance in the transgenic lines. Inheritance 
studies showed that one of the immune line (18-0-9) had two dominant loci, whereas the 
other highly resistant lines and another immune line (19-0-1) had a single dominant 
locus. Five these lines varied in their resistance to the heterologous isolates of PRSV 
isolated from Hawaii, Thailand and Mexico, but the inamune line 19-0-1 was also 
immune to the three heterologous isolates. The line 18-0-9 was also immune to Hawaii 
isolate of PRSV but only highly resistant to the isolates of PRSV for Thailand and 
Mexico. Bau et al. (2003) have also observed broad spectrum resistance in older plants 
(10 cm in height) compared to younger plants (5 cm in height), suggesting environmental 
factors to play a role in triggering homology-dependent gene silencing. They also made 
important observations that resistant transgenic plant that developed mild symptoms, the 
virus was restricted to leaves and did not more to the fruits which remained ELISA 
negative. 
2.18 Replicase gene-mediated resistance 
Replicase gene is highly conserved in PRSV (Yeh et al, 1992), suggesting 
that this region can also be used for the development of pathogen-derived 
resistance. Embryogenic calli of papaya var. Tia-non-2 has been transformed with 
nuclear inclusion b (Nib) gene through Agrobacterium by Chen et al. (2001). 
Twenty putative transgenic papaya plants were regenerated and confirmed by 
PCR-Southern blot. However, the replicase-mediated resistance has not been 
studied in detail to understand the possible mechanisms of resistance and further 
utilization of the gene for commercial production of transgenic papayas. 
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2.19 Indian scenario 
A large number of viruses belonging to Gemini -, Poty-, Cucumo-, Badna-, 
Tobamo-, Tospo- and liar- virus groups pose a serious threat to production of 
various crops in the Indian subcontinent (Bhat et al, 2001 a, b). Though the 
development of host plant resistance for the management of viral diseases is the 
most practical approach used in the country, yet for a large number of viruses 
either suitable sources of resistance are not available or the resistance is linked 
with unwanted agronomic traits (Varma et al, 2002). Hence, need to launch an 
aggressive programme for the development of virus resistant transgenic plants 
particularly for managing economically important viruses. 
Development of VRTP against PVY in tobacco using CP gene was achieved 
and the transgenic tobacco remained stable up to T4 generation although the 
transgene product has not been detected, suggesting that the resistance may be due 
to post- transcriptional gene-silencing (PTGS) (Makeshkumar et al, 2002). 
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3. Materials and Methods 
3.1 Virus isolates 
Samples from papaya plants, apparently infected with PRSV, were collected from 
different parts of the country (Table 3.1). 
Table 3.1. Papaya ringspot virus isolates used in the study 
Isolate 
(Origin) 
Chattisgarh (Raipur) 
Himachal Pradesh (Solan) 
Jharkhand (Ranchi) 
Kamataka (Dharwad) 
Maharashtra (Pune) 
Tamil Nadu (Coimbatore) 
Uttar Pradesh (Lucknow) 
Acronym 
CH 
HP 
JK 
KA3 
PU-M 
TN 
UP-LK 
Symptoms* 
MM 
YM, LB, SS YM, VC 
YM,VC 
YM,VC 
MM 
YM, LD, SS 
YM, VC, LB, LD, SS 
*YM = Yellow mosaic; VC = vein clearing; LB = leaf blistering; LD = leaf distortion; SS = shoe 
Stringing; MM = mild mosaic 
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3.1.1 Maintenance of isolates 
The leaves infected with virus isolates in this study were desiccated over 
anhydrous calcium chloride and kept in a deep freezer at -20°C and used as and when 
required. The isolate PU-M was also maintained in the glasshouse, by sap inoculation, in 
papaya var. Coorg Honey Dew. For inoculation the sap from infected leaves was 
extracted in phosphate buffer (0.0IM, pH 7.0) (Appendix II). 
3.2 Electron microscopy 
To detect the type of virus particles associated with infected papaya samples, leaf 
dip (Gibbs et al. 1966) and immuno-sorbent (Milne and Luisoni, 1977) electron 
microscopy was used. 
Copper grids (3 mm diameter, 400 mesh) were cleaned with acetic acid and 
loaded on a filter Paper. A clean slide was then coated with a thin film of carbon in a 
vacuum coating imit (BIORAD, E6440, and Evaporation PSU). The Carbon film was 
gently allowed to float off on the surface of sterile distilled water in a sterile Petri plate. It 
was then coated on the grids by gradually lifting the filter paper loaded with the grids 
fi-om under the floating carbon film. The carbon coated grids were then either air-dried in 
the dark at room temperature for 12-24 h or in an oven at 37°C for 30 min. 
3.2.1 Leaf-dip electron microscopy 
Diseased leaf pieces cut with a sharp scalpel were homogenized on a clean 
glass slide, with a flat-ended glass rod, in 2-3 drops of phosphate buffer (0.078 M, 
pH 6.5). A small drop of the prepared supernatant from the homogenized virus 
material was put on the carbon-coated grid held at the tip of a fine forceps and 
excess sap gently washed off with 5-6 drops of distilled water. The grids were then 
stained with uranyl acetate (aqueous 2 %, pH 4.2) by putring a drop of the stain for 
a few seconds. Excess stain was removed and blotted dry by touching the edge of 
the grid with a strip of filter paper. The grids were air-dried for 1-2 min. and 
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examined in an electron-microscope (JEM 1011) at the Advanced Centre of Plant 
Virology, lARI, New Delhi. 
3.2.2 Immuno-sorbent electron microscopy (ISEM) 
ISEM decoration test was performed following the procedure described by 
Milne and Luisoni (1977). PRSV-P antiserum at 1:100 dilutions was used for 
decorating the virus particles with an incubation period of 20-25 min. 
3.3 Testing of susceptibility of papaya varieties to PRSV 
Susceptibility of papaya varieties to PRSV (Pune isolate) was ascertained by sap 
transmission using phosphate buffer (O.OIM, pH 7.0) (Appendix II) as extraction buffer. 
Reaction of 8 widely grown papaya varieties was assessed by symptom development and 
determination of virus titer by ELISA. Seeds of all the papaya varieties were sown in pots 
in an insect-proof glasshouse. Papaya plants were inoculated at 2-3 leaf stage and 
symptoms were observed 30 days after inoculation. Virus concentration in all the 
inoculated plants was estimated by DAC-ELISA at 15 and 30 days after post inoculation. 
3.4 Direct antigen coated enzyme-linked immunosorbent assay (DAC-ELISA) 
DAC-ELISA was performed in polystyrene plates (Coming, New York, USA) as 
described by Clark and BarJoseph (1984). The concentration of various buffers and 
reagents used is given in Appendix II. The virus was extracted from fresh leaf tissues in 
coating buffer (1: 10 w/v) containing 2 % poly vinyl pyrroliidone (MW 40 kDa) and 
centrifiiged at 5000 g for 10 min. The plates was loaded @ 200 \i\ per well, and incubated 
at 37°C for Ih. Thereafter the contents were discarded and plates washed by flooding 
with three changes of PBS-T for 3 min. each. After the final wash, plates were shaken dry 
over paper towels, and then blocking solution was added (5 % w/v; 200 |il per well) and 
incubated for 1-2 h at 37''C. The extract of healthy papaya leaves was used as negative 
control and of known PRSV infected papaya leaves as positive control. The plates were 
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then washed as above and loaded with antiserum of Delhi PRSV-P isolate, which was 
diluted at 1: 1000 using antibody buffer (PBS-TPO) and incubated with antibody for 2 h 
at 37°C. The plates were washed again with PBS-T and incubated with anti rabbit 
immuno globulin - alkaline phosphatase conjugate (1: 20000 in PBS-TPO) (Sigma, St. 
Louis, USA) for 2 h at 37°C. The plates were again washed with PBS-T as described 
earlier. After the final washing, 200 |j,I of substrate (p-nitro phenyl phosphate, 0.5 mgl'' 
of substrate buffer) (Sigma, St. Louis, USA) was added and allowed for colour 
development at room temperature, and read at 405 run after Ih of substrate reaction using 
ELISA - reader (Sunrise, TECAN). 
3.5 RNA isolation and DNA extraction 
Total RNA was extracted fi"om the fi-ozen infected papaya leaf tissue using 
RNeasy kit following the manufacturer's instructions (Qiagen Inc., Chatsworth CA 
91311, USA, Cat No.74903). For control, RNA was extracted fi-om fi-esh papaya leaves. 
The extracted RNA was used for amplifying viral CP region in RT-PCR. DNA from 
transformed calli and plants for use in PCR and Southern analysis was extracted using 
Qiagen DNA isolation kit (Qiagen Inc.) following manufacturer's instructions. 
3.6 Polymerase chain reaction (PCR) 
One i^g of RNaseA treated DNA was used for PCR as template. Primers (AV3 
and AV4) specific for the PRSV CP region in sense orientation were used to check the 
presence of insert in plant transformation vector (pBI 121), transformed calli and plants. 
The PCR reaction mix (lOO i^l) contained 200 ng each of the primer (Table 3.2), lOX 
PCR buffer (Qiagen Inc.), 25 mM of MgCb and 10 ^M each of the dNTPs (Qiagen hic), 
2.5 units Taq polymerase (Qiagen Inc.). PCR mix with the above components was added 
to the tubes containing the template DNA resulting in a final reaction volume of 100 ^1. 
The reaction mixture was pulse centrifuged and the tube placed in a thermal cycler 
(Power Block I, Ericomp Inc, San Diego, CA). The PCR was performed with 30 sec 
melting at 94°C, 1 min annealing at temperature indicated in (Table 3.3) and 1 min 
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synthesis at 72 °C for 30 cycles, one cycle of 10 min at 72° C. PCR products were 
analyzed by electrophoresis in 1 % agarose gel. 
Table 3.2 Primers used for the amplification of coat protein gene oi Papaya ringspotvirus 
Primer 
HRPl 
HRP2 
HRP3 
HRP4 
HRP50 
HRP52 
RKJ3 
AV3 
AV4 
A V l l 
AV12 
FP: forwarc 
Sequence 
5^  TTT TTT TTT TTT TTT TTT TTT A 3' 
^, ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^, 
5' TTT TTT TTT TTT TTT TTT TTT C 3' 
5' TGG TGY ATH GAN AAT GG 3' 
5' ATG ATA GAG TCA TGG GG 3^  
5' TCCAA(A/G)AATGAAGCTGTGGATGT3 
'5 ' GTT GCG CAT ACC CAG GAG AG 3' 
5' TTG GAT CC T CCA AGA ATG AAG CC3' 
5' A A A GC T C T C AG T TG C GC A TA C 3' 
5' TTG AGC TCT CCA AGA ATG AAG CC3' 
5' AAG GAT CCT CAG TTG CGC ATA C3' 
primer; RP: reverse primer; CP: coat protein; Nib: nuclear inclu 
Primer Position 
RP 
RP 
RP 
FP 
FP 
FP 
RP 
FP 
RP 
FP 
RP 
sion b; Y = 
Poly A tail 
Poly A tail 
Poly A tail 
CP region 
Nib region 
CP region 
CP region 
CP region 
CP region 
CP region 
CP region 
C/T; H = A/T/C; 
Tm 
CC) 
44 
46 
46 
52 
50 
68 
64 
66 
64 
68 
66 
N 
= A/C/G/T 
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3.6.1 Colony PCR 
Pick single colony with the help of toothpick, dissolved in water and prepared 
amplification mix by dispensing in to 200 \i\ microfiige tube as used in section 3.6. 
3.6.2 Reverse transcriptase and polymerase chain reaction (RT-PCR) 
RT-PCR was based on the method described by Jain et al. (1998). Prior to RT-
PCR, the template was incubated at 70°C for 10 min and snap-cooled on wet ice for 2 
min. The primers used to prime the amplification of complete CP region from different 
isolates are listed in Table 3.2. Different set of primers derived from conserved region of 
the Potyvirus from Nib region (HRP 50), CP region (HRP 4, HRP 52) and Poly A tail 
(HRP 1,2 & 3) were used to amplify the frill CP fragment of PRSV isolates from 
Chattisgarh (CH), Himachal Pradesh (HP), Jharkhand (JK), Kamataka (KA3), Uttar 
Pradesh (UP-LK) and Tamil Nadu (TN). The primer combinations, annealing 
temperature and expected size of products are indicated in Table 3.3. 
RT-PCR was performed in a single tube and amplification mix prepared by 
dispensing into 200 |il microfiige tube. The RT-PCR reaction mix (100 |al) contained 200 
ng each of the primers (Fig.3.1), 16-20 units RNasin (MBI Fermentas Inc.), 10 units 
Omniscript reverse transcriptase (Qiagen Inc.), 2.5 units Taq polymerase (Qiagen Inc.), 
IX PCR buffer (Qiagen Inc.), 10 mM dithiotheritol, IXQ solution (Qiagen inc.), and 10 
\iM. each of the dNTPs (Qiagen Inc.). PCR mix with the above components was added to 
the tubes containing the template RNA resulting in a final reaction volume of 100 |J1. The 
reaction mixture was pulse centrifiiged and the tube placed in a thermal cycler (Power 
Block I, Ericomp Inc, San Diego, CA). The amplification conditions included one cycle 
of 45 min at 42°C, 40 cycles of 30 s at 94°C, 2 min at temperatures indicated in Table3.3 
and 1 min at 72°C and one cycle of 60 min at 72° C. 
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Table 3.3 Primer combinations, annealing temperature and expected size of the 
products. 
Primer Combination 
HRP 50 & RKJ 3 
HRP 52 & RKJ 3 
HPR 1,2, 3 & 4 
AV 3 & AV 4 
AV 11 & AV 12 
HRP 4 & RKJ 3 
Annealing 
temperature (°Q 
46 
60 
42 
44 
44 
42 
Expected size of tlie 
product 
~ l k b 
- 850 bp 
~ 850 bp 
~ 850 bp 
~ 850 bp 
-500 bp 
Amplified region 
Part of Nib & CP 
Full CP 
HalfCP& part of poly 
A tail 
Full CP of PU-M isolate 
in sense orientation 
Full CP of PU-M isolate 
in antisense orientation 
HalfCP 
AV3/AV12 
HRP 50 HRP 52 
) ^ 
HRP4 
* 
(>1 Kb) AV3/AV11/RKJ3 
-• 
(-850 bp) 
(-850 bp) 
Fig. 3.1 Schematic presentation of the primers (Table 3.2) and PCR amplification of 
coat protein and part of nuclear inclusion b gene of Papaya ringspot virus. 
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3.7 Analysis of PCR products 
The PCR products were analyzed by 1% agarose gel electrophoresis in Tris-
acetate EDTA (TAE) containing ethidium bromide (Appendix II) (Sambook and Russell 
2001). 0.6 g agarose (Amresco) was melted in 60 ml IX TAE ruiming buffer and 2 |il 
ethidium bromide (0.5 ugul'') was added to the agarose after cooling to around 50°C. It 
was then poured into the casting tray for polymerization after inserting the comb. 20 jil of 
the RT-PCR product was mixed with 2 iJ,l of 6X loading dye (Appendix II). The comb 
was removed and the gel was then placed on electrophoretic tray filled with IX TAE 
buffer. Samples were loaded and the gel was run at 60 V for 2 h (BIO-RAD). An aliquot 
(500 mg) of 1 Kb DNA ladder (Gene Rular™, MBI Fermentas) (Appendix II) was mixed 
with the 6X loading dye similarly and electrophoresed to serve as molecular weight 
marker. After the run, the gel was observed under ultraviolet trans-illuminator and 
photographed on the thermal paper using gel documentation system (UVP, Germany). 
The desired fragment was extracted and purified from the gel using QIA quick Gel 
Extraction Kit (Qiagen Inc. Chatworth, CA No. 28104). 
3.8 Southern hybridization 
CP region construct in Agrobacterium, transformed calli and plants was 
checked by Southern hybridization. A P-labelled probe prepared from CP region 
of PU-M was used for Southern hybridization as followed standard procedure 
(Sambrook and Russel, 2001). The protocol as followed in this study is given in 
Appendix I. 
3.9 Cloning of CP region 
The purified gel eluted RT-PCR products of PRSV isolates were cloned in 
pGEM-T Easy vector. 
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3.9.1 Ligation reaction 
The gel eluted RT-PCR product was ligated using the ligation mix containing pGEM-T 
Easy vector, RT-PCR product (c DNA), 2 X ligase buffer, and T4 DNA ligase 5 units 
(SUfil'') mixed in the ratio 1:3:5:1 to make a total volume of 10 ^1. The mixture was 
briefly centrifiiged and incubated overnight at 4°C. 
3.9.2 Preparation of competent cells 
The competent cells were prepared by CaCb method (Mendel and Higa, 1970). 50 
ml Luria broth (LB) (Appendix II) was inoculated with overnight grown culture of DH5a 
strain of Escherichia coli (Stratagene) and incubated at 37°C for 1.5 h with constant 
shaking at 200 rpm in a shaker incubated till the bacterial growth reached 0.3 OD at 600 
nm. The culture was then aseptically transferred to 40 ml sterile screw capped tubes and 
kept on ice for 10 min. The cells were centrifiiged at 5000 rpm for 10 min at 4°C in a 
Sorvall SS-34 rotor. The palletized cells re-suspended gently in 10 ml ice-cold 0.1 M 
MgCli solution (Appendix II) and centrifiiged at 5000 rpm for 10 min at 4°C. The pellets 
were re-suspended in 10 ml ice-cooled 0.1 M CaCli solution (Appendix II) and kept on 
ice for Ih. Finally the cells were re-centrifiiged at 5000 rpm for 10 min at 4°C and the 
resulting pellets re-suspended in 1 ml chilled 0.1 M CaCl2 for use in transformation after 
keeping on ice for Ih. 
3.9.3 Transformation of competent cells 
200 ^1 competent cells suspension was added to 10 ^1 ligation mixtiire in a sterile 
microfiige tube, gently mixed and kept on ice for Ih. Heat shock was given to ligation 
mix at 42°C for 2 min and immediately transferred to ice for 2-5 min 1 ml LB medium 
was added and the transformants were kept at 37°C for Ih in shaker incubator at 200 
rpm. 200 ^l cell suspension was aseptically plated either as such or after concentration 
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on LA plate containing antibiotics. The plates were incubated overnight at 37°C. The 
transformed cells were screened following the standard procedure given in Appendix I. 
3.10 Nucleotide sequencing 
Selected recombinant clones with coat protein region (CP) were sequenced 
at the automatic DNA sequencing facility at the Department of Biochemistry, 
South Campus, University of Delhi, New Delhi, India. The sequence data were 
compiled using SeqAid II TM version 3.60 (Rhoads and Roufa, 1985). The 
BLAST programme (Altschul et al., 1990) was used to identify and confirm the 
sequenced regions. Multiple sequence alignments were generated using CLUSTAL 
W programme (Thompson et al., 1994). Sequence phylograms were constructed 
using TREEVIEW for Windows Version 1.6.6 (Page, 1996). The nucleotide and 
amino acid sequences used for comparison were obtained from GenBank (Table 
2.2 and 3.4) and multiple alignments at both nucleotide and amino acid levels were 
generated. The sequences were deposited in the GenBank database and respective 
accession numbers were obtained. The variability was assessed by comparing 
nucleotide and deduced amino acid sequences. The variability was assessed by 
comparing nucleotide and deduced amino acid sequences with other available isolates. 
3.11 Construction of PRSV-CP gene in plant transformation vector 
Plasmid pGEMT containing most of the Nib gene, the complete CP region and 
the entire 3' non mosaic-type strain from Pune, described previously (Jain et al., 1998) 
was mobilized in Agrobacterium.. Plasmid pB1121 containing the NPT II and the gus 
gene was purchased from Clontech (Palo Atto, Cafifomia). From the original vector, p 
glucaronidase gene (gus) was removed leaving intact CaMV 35S promoter and Nos-
terminater by restricting the vector with double digestion using Bam HI and Sac I. Sac I 
was used in place of SSt I since the sequence recognition is same for both the enzyme. 
Corresponding (Bam HI and Sac I) enzyme sites were generated by oligonucleotide-
directed mutagenesis in the primers. In the forward primer (AV 3) Bam HI site and 
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Table 3.4 Sources of coat protein (CP) region sequences of some selected PRSV isolates used in this 
study for comparison 
Isolates 
Indian 
Other 
Asian 
Austral 
ian 
Americ 
as 
AP 
CG 
DL 
HP 
JK 
KAl 
KA2 
KA3 
PU-M 
PU-S 
TN 
UP-LK 
UP-V 
WB 
DL-W 
BD 
CH 
JAP 
PHP 
TW 
THAI 
VN 
AU 
BZ 
MX 
US 
Origin 
Hyderabad (Andhra Pradesh) 
Raipur (Chattisgarh) 
Delhi 
Solan (Himachal Pradesh) 
Ranchi (Jharkhand) 
Bangalore (Kamataka) 
Bangalore (Kamataka) 
Dharwad (Kamataka) 
Pune (mild) (Maharashtra) 
Pune (severe) (Maharashtra) 
Coimbatore (Tamil Nadu) 
Lucknow (Uttar Pradesh) 
Varanasi (Uttar Pradesh) 
Bardhman (West Bengal) 
Delhi 
Bangladesh 
China 
Japan 
Philippines 
Taiwan 
Thailand 
Vietnam 
Australia 
Brazil 
Mexico 
Florida 
Pathotype 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
W 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
GenBank 
Accession No. 
AY238880 
AY491011 
AF238883 
AY458617 
AY458619 
AY238884 
API20270 
AY458618 
AF063221 
AY238881 
AY687386 
AY458620 
AY238882 
AY238885 
AF063220 
AY423557 
AF243496 
AB044339 
AF506894 
X97251 
U14743 
U14742 
U14736 
AF344640 
AJO112649 
D00595 
Reference 
Jain et al., 2004 
This study 
Jain et al., 2004 
This study 
This study 
Jain et al., 2004 
Unpublished 
This study 
Jain etal., 1998 
Jain et al., 2004 
This study 
This study 
Jain et al., 2004 
Jain et al., 2004 
Jain etal., 1998 
Jain et al., 2004 
Unpublished 
Unpublished 
Bateson et al.,2002 
Wang and Yeh, 1997 
Bateson c.o/.,2002 
Bateson et al.,2002 
Bateson et al.,2002 
Unpublished 
Silva-Rosales et 
al.,2000 
Quemada et al., 1990 
starting codon ATG were introduced a few nucleotides upstream to the N terminal end of 
the CP region. In case of reverse primer (AV4), Sac I site was incorporated. Using these 
primers, CP gene of PRSV-P Pune isolate was amplified by PCR. Gel extracted PCR 
product was digested with Bam HI and Sac I and ligated with linearised-restricted pBI 
121. This resulted in the ligation of the CP region in the sense direction to create CPS 
construct (coat protein sense). CP gene of PRSV-P Pime isolate was also cloned in 
antisense direction by using a set of primers (AV11«& AVI2) to create CPAS construct 
(coat protein antisense) (Fig. 3.2). Presence of CP region was confirmed by PCR and 
restriction analysis. 
3.12 Introduction of plasmid into Agrobacterium (Triparental Mating) 
CP constructs in pBI 121 binary vector (CPS and CPAS), maintained in E. 
coli strain DH 5a (donor strain), were mobilized into the disarmed Agrobacterium 
tumefaciens strain LBA 4404 (Hoekema et al., 1983) by triparental mating 
procedure (Ditta et al, 1980), using the helper plasmid pRK 2013 (Comai et al, 
1983) in E. coli / HE 101 (helper strain). The helper and donor strains of E. Coli 
were cultured in 50 ml LB medium, containing kanamycin (50 fxgiil"') (Appendix 
II), for over night at 37''C in a shaker (200 rpm) incubator. A. tumefaciens strain 
LBA 4404 was cultured in 50 ml LB medium having rifampicin (50ng^r') 
(Appendix II), for 48 h at 28°C in a shaker incubator (200 rpm). One ml each of 
donor and helper strains of E.Coli, and 2 ml of recipient A. tumefaciens cell 
cultures were mixed in a culture tube, and 100 |al mixed cell suspension was 
placed on the sterile nylon membrane (1x1 cm square) positioned in the center of a 
LA plate without any antibiotics. The plates were incubated at 28°C overnight for 
conjugation. After 16-18 h, the nylon membrane with grown cells was placed in a 
beaker with 5 ml sterile distilled water. The cells were removed from nylon 
membrane by vigorous shaking and 100 ^1 cell suspension was spread on LA 
plates containing rifampicin (50ngnr') and kanamycin (50^g|ar') and incubated 
for 2 days at 28°C for appearance of single colonies of transconjugants. Later, 
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Fig. 3.2 Cloning of PRSV CP for plant transformation 
PRSV genome 
PI (63K) HC-Pro (52K) P3 (46K) CI (72K) P5 Nla (48K) NIb(59K.) CP(35K) 
~ 1.2 kb band was 
amplified using HRP 50 
and RKJ 3 primers, 
cloned in pGEM-T 
vector (AT cloning) 
CP fragment was amplified 
using AV 3 and AV 4 
primers for sense orientation 
and AVll & AV 12 for 
antisense orientation and 
cloned m pBJ 121 vector at 
Bam HI and Sac 1 restriction 
sites 
pBI 121-CP 
Transformed in Agrobacterium strain LBA 4404 using 
triparental mating 
well-isolated single transconjugant colonies were picked up and transferred 
individually to fresh LA plates having rifampicin (50 mgrnl'') and kanamycin (50 
rngml'') antibiotics and maintained at 28°C. Presence of CP region construct was 
confirmed by colony-PCR and Southern hybridization. 
3.13 Tissue Culture 
3.13.1 Explants from papaya plants grown under sterile conditions 
To avoid contamination, papaya plants were grown under sterile conditions for 
use as sources of explants. Germination of papaya seeds was found to be better when 
these were soaked in sterile water for 72 h before incubation on moist filter paper. The 
next best treatment was of soaking in 600 ppm GA3 for 24 h (Table 3.5; Fig. 3.3 A). After 
germination, the seeds were transferred to sterilized sand-peat-vermiculite mixture in 
broad test tubes (Fig. 3.3 B). Plants grown imder these conditions were need as sources 
for explants. Segments of cotyledon, petiole, leaf, stem, shoot tip, and root (var. Coorg 
Honey Dew) were taken from the plants grown imder sterile conditions, for co-cultivation 
with 20-22 h grown A. tumefaciens containing coat protein sense (CPS) construct for 30 
min. After co-cultivation, these segments were cultured on half strength MS medium as 
basal medium with different concentration of BAP, Kinetin, NAA, lAA, IBA and GA3 as 
supplements (Table 3.6). The pH was adjusted to 5.7 prior to sterilization and media were 
solidified with 0.8 % bactoagar. Plates were sealed with parafilm and stored in dark at 
27°C. After two days these were washed with sterile distilled water and transferred to 
fresh medium with supplements as above and 100 mgl"' kanamycin and 250 mgl'' 
cefotaxime. The tissues without co-cultivation were also kept on the same medium 
without kanamycin and cefotaxime to help facilitate comparisons between the 
developments of control tissues (both with and without kanamycin selection). 
43 
Table 3.5 The effect of different seed treatments on germination of seeds of papaya var. 
Coorg Honey Dew 
Treatment / 
Duration (h) 
Soaked in sterile 
water for 72 
Soaked in sterile 
water for 72 
Soaked in 1 M 
KN03for24 
Soaked in 600 ppm 
GA3for24 
No treatment 
Placed on 
Sterile moist filter paper 
Sandwich between 1 % 
agar 
Sterile moist filter paper / 
1 % agar 
Sterile moist filter paper 
Sand: Peat: Vermiculitre 
(1:1:1) 
Germination 
(%) 
80-85 % 
0 
0 
60-70 % 
40-50 
Germination 
Time 
(Wks) 
2-3 
2-3 
2-3 
2 
3-4 
No. of seed: 100 / treatment; all seeds were surface sterilized with 0.1 % HgCb & Tween 
20 for 3 min; seeds with dark, unbleached spots or holes were discarded. 
B 
Fig. 3.3 In vitro germination of papaya seedlings 
A. Germination of papaya seeds after soaking in water 
B. Growth of papaya seedlings, grown from water soaked 
seeds, in sand, peat and vermiculite 
3.13.2 Immature embryos as explants 
Immature embryos from papaya (var. CO-7) fruits of 90-120 days post anthesis 
were harvested from field grown trees. Immature fruits were soaked in 1 % sodium 
hypochlorite with two drops of Tween 20 1"' solution for one h. Fruits were air-dried in a 
laminar flow hood prior to dissection and embryo excision. Immature seeds were 
transferred to sterile Petri dishes for easy access and were stored in the refrigerator at 4°C 
until all embryos were extracted. 
The embryos were cultured on induction mediimi (IM-1) (Appendix III) 
containing modified frill strength inorganic salts, 0.5 mgl"' thiamine HCl, 1.0 mgl"' 
Pyridoxin-HCl, 5.0 mgl'' nicotinic acid, 2.0 mgl"' glycine, 800 mgl"' casein hydrolysate, 
100 mgl"' myo-inositol, 160 mgl"' adenine sulphate, 6 % sucrose, 5.0 gl"' glucose or IM-2 
which, had half strength MS mediimi and 2,4-D as supplement (Table 3.6). The pH was 
adjusted to 5.7 prior to sterilization and media were solidified with 0.8 % bactoagar. 
Immature zygotic embryos were cultured on semi-solid medium in Petri plates, with 
radicals immersed in the medium. The plates were sealed with parafilm and stored in 
dark at 27°C. After two weeks, all the actively growing calli were co-cultivated with 
overnight grown A. tumefaciens containing coat protein sense (CPS) construct for 15 min. 
After co-cultivation, these were blotted dry and cultured on IM-1 medium for two days 
then transferred on same mediimi containing 100 mgl"' kanamycin and 250 mgl"' 
cefotaxime. After another two weeks the calli were transferred to fresh medium 
containing only kanamycin at 150 mgl"' and no cefataxime. Two weeks later, the actively 
growing calli of about 5-6 mm in diameter were transferred to antibiotic-free maturation 
medium, which was identical to the induction medium described above except that it did 
not contain 2,4-D and the all cultures kept under cool-white fluorescent light for a 
photoperiod of 16 h light. The calli were subcultured at 15 days interval on antibiotics 
free medium for up to two months. The calli, which developed somatic embryos with 
dark green leaves were transferred to produce plantlets in proliferation medium 
(Appendix III). 
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Table 3.6 Medium composition for callus formation using different explants 
Supplements 
NAA 
NAA & Kinetin 
BAP & IBA 
Kinetin & GAS 
NAA, Kinetin & 
GA3 
2,4-D 
Explants 
(Cotyledons, embryos, petiole, stems, shoot tips and roots) 
0.25, 5.0 and 1.0 mgl'' 
0.25, 0.5 and 1.0 mgr' & 0.25, 0.5 and 1.0 mgr' 
0.25, 0.5 and 1.0 mgl"' 8c 0.5 ,1.0 and 1.5 mgl"' 
0.25, 0.5,1.0,1.5,2.0 2.5 and 3.0 mgl'' & 0.5,1.0, 1.5 and 
2.0 mgr' 
1 mgr\ 0.25, 0.5,1.0,1.5,2.0,2.5 and 3.0 mgl"^  & 0.5,1.0, 
1.5 and 2.0 mgr' 
0.5,1.0,1.5,2.0, 3.0,4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 
10.0 mgr' 
• Half strength MS medium was used as basal medium (Appendix III) 
3.13.2.1 Proliferation of shoots from somatic embryos 
Proliferation medium (PM-1; Appendix III) was used for proliferation of shoots 
for somatic embryos, and the effect of different concentrations of lAA (0.1, 0.25, 0.5 and 
1 mgf') and BAP (0.1, 0.25. 0.5 and 1 mgr') along with AdS (15, 25, 35 and 40 rngf') 
(Table 3.7) were examined on shoot proliferation. 
3.13.2.2 Nurturing and hardening of papaya plant 
Well-developed shoots (0.5 to 1 cm tall) were excised from proliferating shoots 
and nurtured using PM-2 supplemented with: BAP, 0.01; lAA, 0.5; and AdS, 15 mgl"'. 
The nurtured shoots having stout stem with good foliage were transferred for rooting on 
MS basal with 0.5, 1.0, 1.5, 2.0 mgl"' IBA with 0.125 to 0.25 mgf' 2-(chloroethyl) 
trimethylammonivmi chloride (CCC) for one week then incubated on MS medium for 2-3 
weeks. After the initiation of root, the plantlets were transferred for hardening in 
vermiculite mixture. Presence of CP gene in transformed plants was determined by PCR 
analysis and Southern hybridization following the procedure described earlier in this 
chapter. 
3.14 In Vitro expression of recombinant coat protein (CP) region of Papaya ringspot 
virus 
3.14.1 Cloning of CP region of PRSV in protein expression vector 
The CP gene of PRSV (Tamil Nadu isolate) was amplified, cloned and sequenced 
(GenBank accession No. AY 458620). The CP region cloned in pGEM-T Easy vector 
comprised of 855 nucleotides encoding a protein of 285 amino acids was amplified using 
the HRP 52 as forward primer and RKJ 3 as reverse primer. The amplified product ~ 850 
bp was purified by using QIAGEN quick Gel Elution Kit, sub-cloned into 6x His-tagged 
QIA UA cloning vector (Qiagen, Germany) and transformed in E. coli [Ml 5] cells 
45 
Table 3.7 Medium compositions for shoot proliferation from somatic embryos 
Supplements 
NAA&BAP 
NAA & Kinetin 
BAP, lAA & AdS 
Concentration 
0.01, 0.02, 0.03, 0.04 & 0.05 mgr' «& 0.1, 
0.2, 0.3,0.4 and 0.5 mgr' 
0.25, 0.5, 1.0 and 1.5 mgl"* and 0.25, 0.5, 
1.0,1.5,2.0,2.5 and 3.0 mgl"' 
0.1, 0.25. 0.5 and 1 mg-'; 0.1, 0.25, 0.5 and 
1 mg"' and 15,25, 35 and 40 mg"' 
*PM medium was used as basal medium (Appendix III) 
containing the [pREP4] repressor plasmid following standard molecular biology 
protocols (Sambrook & Russel, 2001). Transformants were maintained on LA plates 
containing antibiotics (25 |agM.r' kanamycin and 200 i^ g l^"' ampicillin). Expression of the 
fusion protein was confirmed by colony blot procedure, induced with ImM IPTG 
followed by denaturation, renaturation, antibody reaction and colour development. 
3.14.2 Confirmation of CP gene in QIA expression vector 
The presence of insert was confirmed by PCR using HRP 52 and RKJ 3 primers. 
Nested PCR was also done by using internal primers (HRP 4 and RKJ 3). PCR products 
were analyzed by electrophoresis on 1 % agarose gel. Selected recombinant clones 
with CP region was sequenced at the automatic DNA sequencing facility at 
Department of Biochemistry, South Campus, University of Delhi, New Delhi, 
India. 
3.14.3 Colony blot procedure for determining expression 
Master plate of 34 colonies containing the 25 lag l^"' kanamycin and 100 g^ial"* 
ampicillin were prepared and incubated for overnight at 37°C. 
a. The plates were removed from the incubator and their lids slightly opened to 
allow drying of any condensation for 15-30 min. 
b. A numbered nitrocellulose membrane (NCM) was placed on the agar 
surface in contact with the colonies, taking care to avoid introducing air 
bubbles imder the filter. 
c. NCM (colony side up!) was transfered to a fresh LA plate containing 25 
liglil'* kanamycin and 100 \ig\iV^ ampicillin and IPTG. 
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d. The plates were incubated in inverted position for 4 h at 37°C to induce 
expression. The original master plates were placed in the incubator to allow 
the colonies to redraw. 
e. Circular pieces of 3 mm filter paper, cut to fit the bottom of polystyrene 
Petri plates, were put in a set of Petri plates and soaked with one of the 
following solutions: SDS Solution, denaturing solution, neutralization 
solution and 2X SSC. 
f The NCM with colony side up was placed on top of the soaked filter paper 
in the Petri plates, serially in the following solution and incubated for the 
period indicated for each solution. 
SDS solution 10min 
Denaturing solution 5 min 
Neutralization solution 5 min 
Neutralization solution 5 min 
2XSSC 15 min 
Care was taken to exclude air bubbles. 
g. The NCM was then washed twice for 10 min each with TBS buffer, 
incubated for 1 h in blocking buffer at room temperature, washed twice 
again for 10 min each in TBS - Tween /Triton buffer, and incubated in 
antibody solution (1 / 2000 dilution in blocking buffer) at room temperature 
for 1 h. Thereafter the NCM was washed twice for 10 min in TBS- Tween / 
Triton buffer and another 10 min in TBS buffer. 
h. The NCM was then incubated with 10 ml secondary antibody solution 
(diluted in blocking buffer) for 1 h at room temperature. 
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i. After washing three times for 10 min each in TBS-Tween / Triton buffer, 
the NCM was stained with BCIP staining solution until the colour 
developed. After the colour development, stop the reaction was stopped by 
rinsing the membrane twice with distilled water. 
3.14.3 Determination of target protein solubility 
Two positive clones were selected to check protein solubility. The recombinant 
protein was detected in insoluble fi-action and was purified under denaturing conditions 
using Ni-NTA agarose resin (Qiagen, Germany), following the manufactures protocol 
with some modifications. The recombinant clones were lysed with lysozyme, and 
freezing and thawing method. The cell lysate was mixed with Ni-NTA resin and allowed 
to shake for 45 min, then loaded into the column and eluted with buffer containing 100 
mM NaH2P04,10 mM Tris-cl and 8 M Urea. 
3.14.3.1 Culture growth 
a) The colonies containing the positive clones were cultured in LB medium 
containing 100 ngjil"' ampicillin and 25 \ig\i\'^ kanamycin in a 50 ml flask and 
incubated at 37°C for overnight with 200 rpm shaking. 
b) 50 ml of fresh media (with antibiotics) was inoculated with 2.5 ml of the 
overnight grown culture. 
c) 1 ml sample has taken immediately before induction (non induced control), 
palletized cells, and resuspended in 50|il IX SDS-PAGE sample buffer. The 
samples were frozen at - 20°C until needed for SDS-PAGE. 
d) A culture was induced by adding IPTG to a final concentration of 1 mM and 
grows for an additional 4-5 h. A second sample 1 ml (induced control) was taken 
and cells pelleted and resuspended in 100 |^ 1 IX SDS-PAGE sample buffer. These 
were frozen until use. 
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e) The cells were harvested by centrifiigation at 4000 rpm for 20 min. 
3.14.3.2 Protein extraction 
1. The cells were resuspended in 5 ml of lysis buffer for native purification. 
2. These were frozen in dry ice and thawed over ice. The lysozyme was added as 1 
mgrnf' and incubated on ice for 30 min. 
3. The lysate was centrifuged at 10,000 rpm at 4°C for 20-30 min; the supernatant 
(crude extract A, soluble protein) was collected and kept on ice. 
4. The pellet was resuspended collected in 5 ml lysis buffer; this suspension 
contained the insoluble protein (crude extract B). 
3.14.4 SDS-PAGE analysis 
The purified fi-actions were collected and analysed by SDS-PAGE (Laemmli, 1970) 
using Bio-Rad apparatus. The stacking and separating gels contained 5 % and 12 % 
acrylamide respectively (Appendix II). Samples were loaded into the gel after 
denaturation using IX SDS and mercaptoethanol. Bio-Rad low range marker was used as 
standard. After electrophoresis, gels were stained with Coomasie Brilliant blue R-250. 
1. 5 |il of 2X SDS-PAGE sample buffer was added to 5 ^1 of crude extracts A and 
B, and heated at 95 °C for 5 min; the frozen noninduced and induced cell samples 
were similarly tested. 
2. After polymerization (-30 min), the Teflon comb was removed careftilly, the 
wells were washed immediately with deionized water to remove any 
unpolymerized acrylamide, and the gel mounted on the electrophoresis apparatus. 
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Tris-glycine electrophoresis buffer to the top and bottom reservoir. Remove 
bubbles that become trapped at the bottom of the gel between the glass plates. 
3. The crude extracts were centrifuged at 15,000 rpm for 1 min and 20 |al of the 
supernatant from individual samples was loaded on the SDS-PAGE gel. 
4. After electrophoresis for 4 h at 30 V, the gel was removed and marked by cutting 
the left corner at the bottom of the gel. 
3.14.4.1 Staining SDS-Polyacrylamide gels with Coomassie Brilliant Blue 
1. Staining solution was prepared by dissolving 0.25 g of Coomassie Brilliant Blue 
R-250 in 100 ml of methanol: acetic acid solution (1:1). The solution was filtered 
through a Whatman No. 1 filter to remove any particulate matter. 
2. The gel was immersed in 5 volume of staining solution and placed on a shaker 
platform for atleast 4 h at room temperature, followed by distaining in methanol: 
acetic acid solution (1:1) without the dye for 4-8 h with shaking, the distaining 
solution was changed three or four times. 
3. After distaining, the gel was sealed in a plastic bag. 
3.15 Western analysis 
Western blotting was performed after SDS-PAGE (O'Donell et al. 1982). The 
separated recombinant proteins were transferred electrophoreticaly (30V / 3h) on 
nitrocellulose membrane (NCM). Immediately after the transfer, membrane was soaked 
in blocking solution (100 mM Tris-HCl pH 7.5) containing 1% BSA for Ih. The 
membrane was then transferred to Petri dish containing PRSV specific antiserum diluted 
1:1000 in antibody buffer and incubated at 37''C on a shaker for Ih. Thereafter, the NCM 
was washed three times in TBS containing 0.05 % Tween, transferred to solution 
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containing anti-rabbit antibody conjugate with alkaline phosphatase (Sigma Chemical 
Co.) diluted 1:20,000 in conjugate buffer, and incubated at 37°C on shaker for Ih. The 
membrane was washed as above and consisting of substrate, nitroblue tetrazolium (NBT) 
and 5-bromo-4-choloroindolyl phosphate (BCIP) (at a concentration of 0.33 and 0.175 
mgl"' in substrate buffer) were added. The membrane was then transferred to fixing 
solution, dried under folds of filter paper and preserved. The Bio-Rad prestained marker 
proteins, phosphorylase b (130,000), bovine serum albumin (75,000), ovalbumin trypsin 
inhibitor (27, 000) and lysozyme (17,000), were used as markers. 
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4. Results 
4.1 Virus isolates 
The PRSV isolates collected from different locations in India exhibited a variety 
of symptoms. Symptoms on foliage varied from mild mottling to mosaic, leaf distortion and 
shoe stringing. Besides these, water soaked streaks on stem and ring spots on fruits were also 
observed (Table 4.1; Fig. 4.1). 
Leaf-dip electron microscopy showed the association of flexuous virus particles 
of about 750 nm in length with all the symptomatic papaya samples. These particles were also 
uniformly decorated in immunosorbent electron microscopy decoration test (Table 4.1, Fig 4.2) 
with polyclonal antiserum raised against PRSV Delhi isolate. 
4.2 Susceptibility of papaya varieties to PRSV 
All the eight varieties, tested in the present study, were found susceptible to 
PRSV Pune mild isolate (Table 4.2). The CO varieties developed at Coimbatore were more 
sensitive to PRSV as not only the virus reached a higher titre in these varieties (Table 4.2), the 
infected plants completely defoliated within a month after inoculation (Fig. 4.3). On the basis 
of ELISA, papaya var. Pusa Giant appeared to be relatively less susceptible. 
4.3 Reverse transcription polymerase chain reaction (RT-PCR) analysis 
All the six isolates used in this study could be amplified by RT-PCR using HRP 
50 & RKJ 3 and HRP 1, 2, 3, & 4 primers (Table 4.3). However, diversity amongst the PRSV 
isolates was observed by the lack of amplification by RT-PCR of Chattishgarh (CH) and 
Kamataka (KA3) isolates by the primers HRP 52 & RKJ 3, which could amplify the Tamil 
Nadu (TN) and Uttar Pradesh - Lucknow (UP-LK) isolates. The fragments (-1.2 kb), 
amplified by using HRP 50 & RKJ 3 primers, consisted of the conserved regions of Nib and 
CP regions (Fig. 3.1, Fig 4.4, Lane 2-7). The fragment amplified using HRP 52 and RKJ 3 
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Table 4.1 Papaya ringspot virus isolates collected from different parts of India and 
confirmation of their identity by immunosorbent electron microcsopy. 
Isolate location 
Chattisgarh (Raipur) 
Himachal Pradesh (Solan) 
Jharkhand (Ranchi) 
Kamataka (Dharwad) 
Maharashtra (Pune) 
Tamil Nadu (Coimbatore) 
Uttar Pradesh (Lucknow) 
Isolate 
Acronym 
CH 
HP 
JK 
KA3 
PU-M 
TN 
UP-LK 
Field Symptoms* 
in papaya 
MM, Mo 
MM, Mo 
MM, Mo 
MM, Mo 
MM 
MM, Mo, LD, SS 
MM, Mo, LD, SS 
Observations 
Electron 
Leaf dip 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Microscopy** 
Immuno-
decoration 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
*MM = mild mosaic; Mo = mosaic; LD = leaf distortion; SS = shoe stringing; **Detection of flexuous particles in 
negatively stained leaf dip preparations and their decoration with antibodies to Papaya ringspot virus (Delhi) 
isolate 
Table 4.2 PRSV titre in different papaya varieties inoculated with PRSV Pune 
isolate as determined by ELISA 
Varieties 
CO-1 
CO-2 
CO-3 
CO-4 
CO-5 
CO-6 
CO-1 
CO-8 
Pusa Giant 
DAC-ELISA reaction 
in 
10-^  
+++++ 
+++++ 
+++++ 
+++ 
+++++ 
++++ 
++++ 
++++ 
+++ 
10-^  
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
+++ 
at different dilutions of sap from 
'ected plants 
10-^  
++ 
++ 
++ 
++ 
++ 
++ 
+++ 
++ 
+ 
10"^  
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
A405 in DAC-ELISA classified as: - = < 0.5; + = 0.6-1.0 (weak reaction); ++ = 1.1-1.5 (medium 
reaction); +++ = 1.51-2.0 (strong reaction); ++++ = 2.1-2.5 (very strong reaction); +++++ = 2.6-3.0.; in 
these tests the antiserum raised against the Delhi isolate of PRSV was used. 
Table 4.3 Amplification of CP region of PRSV using different sets of primers. 
Virus Isolates 
CH 
HP 
JK 
KA3 
TN 
UP-LK 
HRP52 
&RKJ3* 
(8) 
-
-
® 
© 
© 
HRP50 
&RKJ3* 
© 
© 
© 
© 
© 
© 
HRP 1,2, 3 & 4* 
© 
© 
© 
© 
© 
© 
*Primers as given in Fig. 3.2; ©: positive result; ®: negative result; -: not tested. 
Fig. 4.1 Symptoms of PRSV on papaya leaves A. mosic, B. mild mosaic 
C and D. shoe stringing and leaf blistering 
Fig. 4 .2 (a) Electron micrograph of PRSV particles in leaf-dip preparations, 
(Bar 0.2 pM). Magnification was 80,000. 
Fig. 4.2 (b) PRSV particles decorated with PRSV antiserum in immuno 
sorbent electron microscopy (ISEM). 
B 
Fig. 4.3 A) PRSV infected plants (var. CO-7) completely defoliated within a 
month after inoculation 
B) Uninoculated plants of var. CO-7 
M 2 3 4 5 6 7 8 9 M 
1kb . 
OSOOkb-
-1 2 kb 
-0 850 kb 
Fig. 4.4: RT-PCR amplified CP region of PRSV genome 
Lane 1 and 10: 1 Kb ladder as standard Marker: Lane 2-7: RT-PCR products of 
PRSV isolates from Chattisgarh (CH), Himachal Pradesh (HP), Jharkhand (JK), 
Karnataka (KA3), Tamil Nadu (TN) and Uttar Pradesh (UP-LK) amplified using 
primers HRP 50 and RKJ 3; Lane 8: RT-PCR product of TN isolate amplified 
using primers HRP 50 and RKJ 3; Lane 9: Lack of RT-PCR product from healthy 
papaya leaves. Arrowheads indicates the size of products. 
primers from the CP region of TN isolate was of about 0.85 kb (Fig. 4.4, Lane 8). No 
amplification was obtained when healthy papaya leaves were used as template (Fig.4.4; Lane 
9) indicating specificity of the PCR products. The identity of the amplicons was confirmed by 
cloning and sequencing. 
4.4 Cloning and sequencing 
The purified gel eluted DNA, from RT-PCR amplified products of UP-LK and 
TN were cloned in pGEM-T Easy vector. Presence of the insert in recombinant clones was 
confirmed by PCR and sequencing. The RT-PCR products of CH, HP, JK and KA3 were 
directly sequenced. The sequences of the coat protein (CP) region of the PRSV genome of all 
the six isolates coded for protein consisting of 284-286 amino acids (Fig. 4.5 & 4.6; Table 4.4). 
The difference in nucleotide sequence length of all the isolates varied in 
multiples of three, which maintained the integrity of the ORF. A stretch of KB (lysine 
and glutamic acid) repeats ("KE region") was present in the amino terminal region of 
all the isolates. The differences in CP length were mainly confined to the amino 
terminal region particularly in the KE repeat part. Like the other Potyviruses, the main 
variability between the PRSV isolates was also in the first fifty amino acids of amino 
terminal region, particularly amongst the 23 amino acids between 12*'' - 34"' positions. 
However, most of the substitutions were found to be conserved. The conserved regions 
of the CP of Potyviruses such as WCIEN and QMKAAA were also present in all the 
isolates of PRSV. Further the DAG triplet, attributed to the aphid transmissibility of the 
virus, was also conserved in all the six isolates (Fig. 4.7). 
4.5 Sequence comparison among Papaya ringspot virus isolates from India 
Nucleotide and amino acid sequences of the six isolates used in the present 
study were compared with all the available sequences of CP region of PRSV isolates 
from India (Table 3.4). Considerable heterogeneity in the CP length was observed 
amongst the Indian isolates, which varied from 840-858 nucleotides, encoding proteins 
of 280 (KA2 isolate) - 286 (AP isolate) amino acids. Interestingly, a stretch of KE 
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Table 4.4 Size of coat protein region of Papaya ringspot virus isolates from different locations 
in India 
Isolates 
Collected from 
(State, City) 
Chattisgarh 
(Raipur) 
Himachal Pradesh 
(Solan) 
Jharkhand (Ranchi) 
Kamataka (Dharwad) 
Tamil Nadu 
(Coimbatore) 
Uttar Pradesh 
(Lucknow) 
Acronyms 
CH 
HP 
JK 
KA3 
TN 
UP-LK 
No. of 
nucleotides 
(bp) 
852 
852 
852 
855 
858 
852 
No. of amino 
acids 
(aa) 
284 
284 
284 
285 
286 
284 
Accession No. 
AY491011 
AY458617 
AY458619 
AY458618 
AY687386 
AY458620 
repeats starting from the aphid transmission motif (DAG) was conserved in the CP 
region of AP, DL-W, HP, KAl, KA2, KA3, TN, CG, DL, JK, UP-LK, WB isolates, but 
was replaced by DAD in PU-M, EAG in PU-S and ETG in UP-V. 
Comparative sequence analysis revealed that PRSV isolates from different 
locations of India shared 86-99 % and 89-100 % identity at nucleotide and amino acid 
levels, respectively. Amongst the Indian isolates, maximum variation at amino acid 
levels was between the southern isolate AP and the North -eastern isolates CG, JK and 
UP-LK, and another southern isolate TN and north-eastern isolates JK and UP-LK. 
Least divergence (less than 3 %) was between isolates AP, HP, KAl and KA2 and 
between isolates KA2 and TN, and between PU-M, PU-S and UP-V. (Table 4.5). 
The cluster dendrograms based on the nucleotide and deduced amino acid 
sequences of the Indian isolates formed three distinct clusters. In the amino acid based 
dendrogram, the South Indian isolates (AP, KAl, KA2, KA3, and TN) and one north 
Indian isolate (HP) formed one cluster, the east and north Indian isolates (WB UP-LK, 
DL, CH and JK) formed the second cluster and the west Indian isolates (PU-M and PU-
S) along with one east Indian isolate (UP-V) formed the third cluster (Figs. 4.8 and 
4.9). The clustering of the Indian isolates based on the nucleotide sequence based 
dendrogram coincided with that of the amino acid sequence based dendrogram with 
some exceptions; isolate HP clustered with the north and east Indian isolates, which 
correlates with the geographical origin of various isolates (Fig 4.10), but isolate WB 
seems to be closer to the south Indian isolates which is unexpected from the 
geographical origin point of view. The clustering of isolate UP-V with the west Indian 
isolates, in both the analyses, suggests the possible introduction of this isolate in the 
eastern region, possibly through planting material. Only two sequences of PRSV-W 
isolates of Indian origin are available, which formed separate branches in comparison 
with the PRSV-P sequences. 
Although the amino terminal region was extremely variable in the first fifty 
amino acids, most of the amino acid substitutions were found identical in this region, 
which were mainly at positions 3, 20, 22, 30, 33, 34, 36, 37 and 39 (Table 4.6). The 
prominent substitutions, in the South Indian isolates and HP isolate, are from glutamine 
(Q) to glutamic acid (E) at position 20, glutamic acid (E) to aspartic acid (D) at position 
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10 20 30 40 SO 60 
I I 1 I I I I I I I I I 
• P TCCAAAACT* A A S C 6 6 T e e f t TSCftOeTCTC AAISATAAGC TeAAAOAeAG WSAAAAASAA 6 0 
D l - V G . . A A C . . T . . C T . e e . . . e . . . . T . A . . e . . . . A A . . « . . T . . . 6 0 
HP . . e . . e « . . . . e . . T C . C T . A . . C c A A . . . c . c 5 7 
max T T A A 6 0 
K B 2 e G . . . . A 6 0 
WM3 T 6 A A 6 0 
X a 6 . A T T G . . . . A A 6 0 
O S . . A . . G G T . . . T . . T . . A S . - C T . A C A A . . . C © 5 7 
DL . . « . . « « . . . . G . . I O . . C T . A C A A . . . C . G 5 7 
JK . . G . G G . . . . G . . T 6 . . C T . 6 . . C C A A . . . C . 6 5 7 
U P - U C . . G . G « . . G . . T O . . C T . a C A A . . . C © 5 7 
HB . . G . . . G . . . . 6 . . T G . . . T . R . . C C A A . . . C . 6 A e . 6 0 
PU-M G . A C T . A C T . G A C A . A A C . G 6 0 
P U - S A C A . . T . . C T . S A C A . A A C . G 6 0 
UP-W A C A A . T . . C T . e A C A . A A C . G 6 0 
70 80 90 100 110 120 
I I 1 I I I 1 I I I I I 
MP AAA6ATAAA6 A6AAA6AAAA A6AAAA6AAA 6ACAA6AA6G AT6CTAGI«A OGGAGGTGAT 1 2 0 
D I . - n . . G . . A . . 6 A TA. . . 6 . . A . . G . A A AA GA A A . . . . 1 1 7 
HP . G . . . G O A . . G . A A . . A S . I . . A . . . G . . . 6 . . . . A A . . . . 1 1 4 
K » l A 1 1 7 
K U A T . . 1 0 2 
K A 3 1 1 7 
T B . 6 G T . . 1 2 0 
O S 6 . . 6 e A . . e . A A . . A e . T . . A . . . 6 . . . 6 A . . . 1 1 4 
OfL G 6 A . . 6 . A C . . A . . . G . . . G . . . . A A . . . . 1 0 8 
am 6 . . . G C A . . S . A A . . B 6 . T . . A . . . G AA. . . . 1 1 4 
U P - L K . G . . .G e A . . 6 . A A . . A G . T . .A G . . T . . A . . . . 1 1 4 
f B 6 . . A . A G . .A 6 . . . . A . . G . A A . . A G . T . . A . . . 6 . . . G . . . G A C . . . 1 1 4 
PU-M A A. . . G . . A . . e « A A . . A G . T A A . . . . 1 1 7 
P U - S A A. . . 6 . . A . .GGA A . . A G . T AA. . . . 1 1 7 
U P - V A A. . . G . . A . . G G A . . . . 6 A . . A G . T A A . . . . 1 1 7 
130 140 ISO 160 170 180 
I I I I I I I I I I I I 
as GTGXCAACTA GCACAAAAAC TGGAGAGA6A GAIAGAGAIG TCAATGCTGG AACIAGIGGT 1 8 0 
D l - W T 6 T T G A 1 7 7 
HP C G T . . C A 1 7 4 
KMl 1 7 7 
K U G 1 6 2 
K M 1 7 7 
X « G 1 8 0 
OB 6 T . . C C A 1 7 4 
D I C G T . . C C A 1 6 8 
JK G . . C T . . C C A 1 7 4 
U P - U t G T . . C A 1 7 4 
• B C . . . G . G . . T T C A 1 7 4 
PW-M G G . . C A 1 7 7 
PW-S G G . . C A 1 7 7 
U P - V G 6 . .C A 1 7 7 
190 200 210 220 230 240 
I I I I I I I I I I I I 
aP ACATTTACAG TTCCAAGGAT CAAGTCATTT ACTGATAAAA T6ATTTTGCC CAGAATTAAG 240 
Dl-W ..T..C T C C . G C.A.. A 237 
MP - T C A. .A C . G . ..G..C.A.. A 234 
KAl C 
K M C A A C.A 
KA3 C. 
237 
222 
T A 237 
'"' C A 240 
A.. A C . G . ..6..C.A.. A.A A 234 
A C . G . ..G..C.A.. A 228 
ilK . .T A.. A C C . G . ..G.C.a.. A.A 234 
UP-1.K . .T C A..A..G C . G . ..O..C.A.. A 234 
Continue-
oo . .T 
DiL . .T 
^ • • ! e 234 
PU-M . .C T « . . A . . A C . O A . . 6 237 
PV-S . . c T e . . A . . A c . e A . , e 237 
UP-V . .C T e . . A . . A C . O A . , e 237 
250 260 270 280 290 300 
I I I I I I I I I I I I 
AF e«AAAA6TTA TCCTTAATTT SAATCATCTT CTTCASTATA ATCCACASCA AATTSACATC 300 
Dl-W . A6 . . . AC . e C C . . C A T . . . 2 97 
HP . . e . . . A C . e . . A 294 
wax 297 
KM2 . . G . . . . C . 6 c 282 
m 3 C 2 97 
TB . . . . . . . C . « 300 
0 6 AC.« 294 
DL AC.e A 288 
JR AC.« 2 94 
l lP-Ut AC.6 6 294 
WB 294 
PU-M SAC.G A C « . .A T 297 
PU-S GAC.6 A C 6 . . A T 297 
UP-V GAC.C A C G . . A T 297 
310 320 330 340 350 360 
I I I I I I I I I I I I 
U> TCAAACACTC GTOCCACACA ATCACAOTTI eAeAAexSeT AXeAeGeAST GAAOAATSAC 360 
Dl-W A C 6 T 357 
HP T C. . G. .T A C 6 . . . . G T 354 
KAl 357 
KB2 C A 6 342 
KB3 357 
n G 360 
OB . . T C . 6 . . T GA C G . . . . 6 T 3 5 4 
DL . . T C. . G. . T C . . . .SA C G . . . . G T 3 4 8 
OK T C . 6 . . X GA C 6 . . . . G . 6 . . . . T 354 
UP-Ut T..C T e C « . . . . G . G . . . . T 354 
I B 354 
PU-M . . T . . T T A C 6 T 357 
PU-S . . 1 . .T T A C G T 357 
UP-V . . T . .T T A C 6 T 357 
370 380 390 400 410 420 
I I I I I I I I I I I I 
MB TATGGCCTTA AT6ATAAT6A AATtJCAAGTG AT6TTAAAC6 GCTTAATGGT TTGGTGTATC 420 
Or-W AT.G. .C 6 T 6 417 
HP . . .AAT C..C 6.A T 6 A T 414 
KAl 417 
K>2 G....6 T 402 
nt3 417 
m T G T 420 
O0 G .C G T G G T 414 
DL T C T G A C..T 408 
JK T C T. .T..6 A T 414 
UP-Ut T C. C.G T. .T. .6 A T 414 
WB 414 
PU-M C T T 417 
PU-S C T T 417 
UP-V C T T 417 
430 440 450 460 470 480 
I I I I I I I I I I I I 
BP GAAAATGGTA CATCCCCASA CATATCIGGT GTCTGGGTCA TGAIGGATGG TGAAACTCA6 480 
Dl-W . .G G 477 
HP T..G A C..C.T...A 474 
" 1 477 
WM2 C 6 4 62 
477 
Continue-
xm T e * 8 0 
GO T . . e A C . , C A 4 7 4 
m e T . . O A c A 4 6 8 
JK T . . e A T A C . . C A 4 7 4 
U p - U t T A C C A . . . A 4 7 4 
m 4 7 4 
P U - M . . 6 T e T « A 4 7 7 
P U - S . S T O T a A 4 7 7 
U P - V . . 6 T a T « A 4 7 7 
490 500 510 520 S30 540 
I I 1 I 1 I I I I I I I 
k P 6TC«ATTATC CAATTAAACC OTTAATTSAG CATSCAAATC CTTCATTTAC SCAAATCATO 5 4 0 
DI.-W . . T . . C A . . O . . C . . 0 A C . . A A 5 3 7 
HP C . . C C . . » . . T . . O A C 5 3 4 
K A l 5 3 7 
tiM2 C A . . . G . . . . A C 5 2 2 
M S 5 3 7 
TM C A A C 5 4 0 
ce c c . e . . T . . e A c e s 534 
DL A. . . . A C . C . C . T. .e A C C 6 528 
OK C C . S . . T . . 8 A C e 534 
U P - t l t C « . . C . . O . . T..9 A C 6 5 3 4 
I B 5 3 4 
PU-M . . T e . C . C . . T C . T . C . . S T . . . 5 3 7 
P U - S . .T O . C . . O . . T C . T . C . . 6 T . . . 5 3 7 
U P - ¥ . . T G . C . . S . . T C . T . C . . 6 T . . . 5 3 7 
550 560 S70 5BD 590 600 
I I I I I I 1 1 1 I I I 
AP SCTCACTTCA S I A A C S O « « C ASAASCAIAT ATCGCAAAAC eAAAT«CAAC T « A « A « « T A C 6 0 0 
D l - W T . . 8 C GA T 5 9 7 
HP G . . C . . T . . C . G A A . . . . 5 9 4 
n a 5 9 7 
KA2 8 G. .G A . . . 5 8 2 
KA3 A . . . 5 9 7 
X a 6 . . 6 A . . . 6 0 0 
0 8 C C GA . . . . C A . A . . . . 5 9 4 
DI, C C . . T GA . . . . C A . . . . 5 8 8 
OK C . . T 8 A . . . . C A. . . . 5 9 4 
W P - t i r C . . T GA T A. . . 5 9 4 
HB 5 9 4 
PU-M C . . T GA T A . . . 5 9 7 
P U - S C . . T GA T A . . . 5 9 7 
U P - ¥ C . . T 8 A T A . . . 5 9 7 
610 620 630 640 650 660 
I I I I I I I I I I I I 
KP ATGCCGC5GTT ATG8AATCAA SAGGAATTTG ACTGACATTA GCCTC8CCAG ATATGCTTTT 660 
DL-W G G..A A A T 657 
HP A A C T..A C 654 
WtL 657 
K*2 e A T c 642 
«t*3 A T C 657 
* • « A T C 660 
OQ A C T A..C 654 
Dl A A C T C 648 
JK A T.. A. .A C T C 654 
"P-I* « A T C C 654 
W 653 
PU-M 8 a T C C 657 
PU-S G A T C C 657 
"P-'» « A T C C 657 
S70 680 690 700 710 720 
I I I I I 1 I I I I I I 
•» 6ATTTCTAT6 A88TGAATTC AAAAACACCT SATAGASCTC 6A6AGGCTCA TAT8CAGAT8 720 
Continue-
D l - W 
HP 
Kl^1 
KM2 
EC»3 
TW 
ce 
D l 
U P - I K 
PU-M 
P U - S 
T . . . . 
*. . . . 
Fig. 4.5 Comparison of nucleotide sequences of CP 
region of Indian PRSV isolates in the using BIOEDIT 
software version 5.0.6 after multiple alignment in the 
CLUSTAL W programme. 
10 20 30 40 50 60 
I I I I I I I I I I I I 
ME SKIEAVDA LHDKIKEREKEKDK EKEKEKKDKKDASD DVSTSTKT ERDRDVUA 5 7 
D l - W D . . . . K . H . . E . 1 E - . . H . D . H . . . S . . . V . . . I . . . . 5 6 
MP R . K - 5 6 
K A l K - 56 
K * 2 K . . . Y 5 1 
KA3 R . K - 5 6 
TM . . H K . . . R . . -R 1 5 7 
CG . . V D K.QKEKE K . KE . E . DE . . . D 5 5 
DL . . A K.QKEKE K . KE . — D E . H 5 3 
OK . . A K .QKEK KHKE . E . DE . . . H 5 5 
U P - I K . . A K .QREKE K . K E . E . D E . . GVD 5 5 
HB . . A K .QREKE R . KE . E . DE . <i(; T All 5 5 
PU-M . . H D . . E . . . . K . . Q . E . EKEK . E . D . . . . H 5 6 
P U - S . . H . . . E . . . E . . . . K . . Q . E . EKEK . E . D H 5 6 
U P - V A . H . . . E I . . E . . . . K . . Q . E . EKEK ' . L, . D H 5 6 
BD K, . I R E . - - E K E K Q K E . E . D . . . . H K ' , I V 5 8 
»U . . E . . R . K , . Q . E . - - E K E K Q K E . E . D . . . . H V 5 0 
BZ . .H . E . R . . K . . Q . E . - - E . E K Q K E . E . D V . . H R V 5 8 
MX . . M D E . . . . K . . Q . E . — E - - K Q K E . E . DH . . . H R . .K V 5 6 
US . . E . . . . K . H Q . E . - - E K E K Q K E . E . D < ; . . . M V 5 0 
CH . . M . E . . . . K . . Q . E EKDKQKH.HHD ; T . . H 5 7 
JAP . . H E . . . . K . . Q . E . - -EKDKQKD. . HD , . . . H 5 8 
PHP . . . E . . . . K . . Q . E EKDKQKD. I H E w . . . H . . . . ( , 1 4 9 
TM F . E . . . D K . . Q . E EKDKQRM . E H H E . . . II 4 9 
• W . . N . . . . T . . E . . . . K . . Q . E . - - E K D K Q Q D . . I I D , . . . H 5 8 
YH . . . E . . . . K . . Q . E . E K E K D K Q K D . .HD . . . .El? 5 2 
70 80 90 100 110 120 
I I I I I I I I I I I I 
AF TS T F T V P R I K S F T D K H I L P R I K KVILHLUHLLQ?HPQQIDISHTRATQSQFEKWYE W 1 1 7 
D l - W E . T V 1 1 6 
HP 1 1 6 
K A l 1 1 6 
KA2 ftV . I l l 
K » 3 1 1 6 
TM AV 1 1 7 
C e V . . K . . . . T V R 1 1 5 
DL - - V . T V R . . . . I l l 
OK V . . K . . . T V R . . . . 1 1 5 
U P - U t V . T V . . . D R. . . . 1 1 5 
WB V 1 1 5 
PU-M TV 1 1 6 
P U - S TV 1 1 6 
U P - V TV 1 1 6 
BD T . . . . P V TV 1 1 8 
» U . P V 1 1 0 
BZ T TV 1 1 8 
MX . T V 1 1 6 
US V TV H 1 1 0 
CH I TV K . 1 1 7 
J » P . I V 1 1 8 
PHP K. . . T V T 1 0 9 
TH TV 1 0 9 
im TV K . V . 1 1 8 
VH . SV 1 1 2 
130 140 150 ISO n o 180 
I I I I I I I I I I I I 
*P KMDY LHDHEMQVMLH LMVWCIEH TSPDIS VWVMMD ETQVDXPIKPLIEHAHPSFR 177 
D l - W R T 1 7 6 
» » 1 7 6 
K A l 
KA2 
KA3 
TM 
176 
171 
176 
177 
Continue-
CO R . . . . D D T . . . . 175 
DL R - IE T . . . 170 
JK RD. . H D T . . . . 175 
UP-LK RD S Dll T . . . . 175 
SB 175 
PU-M R T M V T . . . . 1 7 6 
PU-S R . . . . . . T M V T . . . . 1 7 6 
UP-V R . . . . . . T M V T . . . 1 7 6 
BD R II. E. . .R T. . . . 178 
AU R . . T . . . . 170 
BZ R I T . . . . 178 
MX R . . . . 1 T . . . . 1 7 6 
US R T . . . . 170 
CM R . . . . S T . . . . 177 
onp R T. . . . 178 
PHP R M I S . . . S 1 6 9 
TM R . . . L T . . . . 1 6 9 
IW R . . . T . . . . 178 
VB R I T . . . 172 
190 200 210 220 230 240 
I I I 1 1 1 I I I I I I 
aP QimUfFSHAAEAYIAKRHATER-niPRY IKRltI,TDISI.aRYAFDFYEVllSKTPDRaEEAH 237 
Dt-W 2 3 6 
MP 2 3 6 
KJll 2 3 6 
KA2 2 3 1 
KA3 2 3 6 
TM 237 
CS K T 235 
DL K T 230 
JK K T 235 
UP-IJC 235 
«B G 235 
PU-M 2 3 6 
PU-S 2 3 6 
UP-V 2 3 6 
BD P 238 
JUI 230 
BZ T 238 
MX 2 3 6 
US 230 
CM 237 
JaP 238 
PHP 2 2 9 
TM 2 2 9 
TW K 238 
VB 2 3 2 
250 260 270 280 
I I I I I I I I I 
a P MQMKAAALRIITHRRMF MD SWSHKEEHTERHTVEDVIIRDHHSLL MRU 2 8 6 
DL-W I 285 
MP R . . . . . . Z 8 5 
1»1 285 
K*2 280 
K*3 R 285 
» • 286 
Ce R 284 
DL AT 2 7 9 
SK A R 284 
UP-LK R 284 , 
* » S . . . 284 
PU-M 285 
PW-S 285 
« * - • R. . . . . . 285 
BD D 287 
Fig. 4.6 Comparison of amino acid sequences of CP region of the Indian isolates of 
PRSV and some selected isolates from other countries, using BIOEDIT software 
version 5.0.6 after multiple alignment in the CLUSTAL W programme. 
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Fig. 4.8 Phylogenetic tree derived from the nucleotide sequences of the coat protein 
region of PRSV genome of the Indian isolates. The numbers at nodes refer 
to number of times in which the branching was supported and horizontal 
distances are proportional to genetic distances (bar represent 0.02). The 
tree was rooted on the PVY sequence. 
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Fig. 4.9 Phylogenetic tree derived from the amino acids sequences of the coat protein 
region of PRSV genome of the Indian isolates. The numbers at nodes refer 
to number of times in which the branching was supported and horizontal 
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Fig. 4.10 Clustering of Indian PRSV isolates based on amino 
acid and nucleotide sequences 
22, glutamine acid (E) to lysine (K) at position 30, and aspartic acid (D) to lysine (K) at 
position 33 (Table 4.6). In the West Indian isolates, prominent substitutions are at 
position 3 from threonine (T) to asparagine (N), and at position 12 from aspartic acid 
(D) to glutamic acid (E). In the North and East Indian isolates prominent substitutions 
are at position 34 from aspartic acid (D) to glutamic acid (E) and position 36 to 37 from 
serine (S) and aspartic acid (D) to glycine (G). Interestingly, based on the substitutions 
also the Indian isolates of PRSV formed three clusters, similar to those formed by the 
dendrogram (Fig. 4.8). Maximum substitutions (eleven) were in DL-W, showing 
differences from 'P ' isolates in Indian. Amongst the 'P ' isolates maximum variability 
was observed in WB and UP-V isolates (Table 4.6). v .».^ '*^  " ''^  
4.6 Sequence comparison of PRSV isolates from India and other Homitms^'^ 
Nucleotide and amino acid sequences of the Indian isolates^^P^RSV'^eJFfift^ 
compared with the other Asian, Australian, North American and South American 
isolates. Like the Indian isolates, all the isolates from other countries showed 
considerable heterogeneity in the size of CP, which varied from 837 to 861 nucleotides 
encoding proteins of 279 (DL isolate) to 287 (BD isolate) amino acids. A stretch "KE 
region" was identical in all the isolates (Fig. 4.6). Conserved region of Potyviruses such 
as WCIEN and QMKAAA were also present in all the isolates. The DAG region was 
also present in various isolates except the three isolates from India (PU-M, PU-S and 
UP-V) and one isolate from Taiwan (TW). I 
Nucleotides sequence identity of different isolate of Indian origin varied 
from 86 to 99 %, whereas it varied from 70 to 94 % with some of the selected isolates 
from other countries (Table 4.5). Maximum nucleotide differences were found with the 
isolate from Bangladesh (BD), which had 70 to 73 % nucleotide identity with the Indian 
isolates as well as the isolates from other countries. This differences, however was less 
prominent in the amino acid sequence identity, which varied from 88 to 93 % (Table 
4.5). This was also reflected in the phylogenetic tree derived from the nucleotide (Fig. 
4.11) and amino acid (Fig. 4.12) sequences of selected isolates of PRSV. In the 
phylogenetic tree based on nucleotide sequences, PRSV BD formed a separate branch, 
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was supported and horizontal distances are proportional to genetic distances (bar 
represent 0.02). The tree was rooted on the PVY sequence. 
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PVY sequence. 
but in the phylogenetic tree derived from the amino acid sequences it grouped with the 
Indian isolates. 
On the basis of comparative nucleotide and amino acids sequence 
analysis, the selected PRSV isolates formed five and four major clusters respectively. In 
both the analyses the Asian isolates, other than the Indian and Bangladesh isolates, 
formed one cluster. The second cluster was formed by the isolates from Australia and 
the Americas. The third cluster was formed by the West Indian isolates (PU-M), PU-S 
and UP-V, whereas, the remaining isolates from India formed one cluster in the 
phylogenetic tree derived from the amino acid sequences and two distinct clusters based 
on nucleotide sequences. 
In all, 69 sequences of CP of PRSV-P and 34 sequences of PRSV-W are 
available in the GenBank (Table 2.2). Most of these sequences are of isolates 
originating in Asia. The sequences generating in the present study were compared with 
all the available isolates followed the same trend as observed when selected isolates 
were compared (Fig. 4.12). The isolates from the Indian subcontinent (India, 
Bangladesh and Srilanka) grouped together in all the three comparisons. The two 
isolates of PRSV-W (IN-W and DL-W) of Indian origin grouped together with the 
Indian PRSV-P isolates, when analyzed with the Asian isolates (Fig. 4.13), but in 
analysis with the isolates from Australia and the Americas, IN-W grouped with the 
Australian (Fig 4.14) and Maxican & US isolates (Fig. 4.15) respectively. 
4.7 Expression of PRSV CP in E.coli 
The CP regions of PRSV isolates PU-M, TN and UP-LK, amplified by PCR using 
primers HRP 52 and RKJ 3 were cloned in QAE UA protein expression vector. In all, 18 
positive transformants, as determined by PCR, were obtained; 13 of these were of PU-M and 5 
of TN. By PCR as determined; approximately 0.850 kb amplicon was obtained fi-om all the 
positive transformants, when primers HRP 52 & RKJ 3 were used and 0.500 kb band was 
obtained when nested primers (HRP 4 & RKJ 3) were used. In colony hybridization strong 
signals were obtained with two clones of isolate TN (Fig. 4.16) and not with any of the PU-M 
colonies, indicating possible fi-ame shift in PU-M fi-agment. However, only two clones of 
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M 2 10 11 
-850 bp 
Fig. 4.16 PCR amplified products from E.Coli clones in 
expression vector (QAE UA). Lane M: 1 kb Marker: Lanes: 2 to 
6: -- 500 bp amplicon obtained using primers HRP 4 & RKJ 3 ; 
Lane 7 to 11: ~ 850 bp amplicon obtained using primers HRP 52 
and RKJ 3 primers 
PC 
4 5 
Fig. 4.17 Colony blot hybridization of Papaya ringspot virus 
coat protein region in E.Coli expression vector. 
PC: Positive control i.e CP region in pGEM-T vector 
clone; 1 and 2; Positive reaction; 3 to 4: Negative 
reaction 
M 
14.3 
34 
Fig. 4.18 SDS PAGE and Western analysis of expressed 
protein of Papaya ringspot virus coat protein region 
Lane 1; Low range marker; Lane 2 & 3: Crude protein 
prepration of colony blot hybridization positive colonies 
isolate TN were found positive in colony hybridization (Fig. 4.17). The recombinant protein 
was expressed from the two positive clones by induction with ImM IPTG. The recombinant 
protein, found in the insoluble fraction, was of about -34 kDa, which is within the expected 
range. The recombinant protein gave positive reaction against PRSV-DL antiserum in Western 
analysis (Fig. 4.18). 
4.8 Construction of PRSV-CP gene in plant transformation vector 
In order to avoid expression of PRSV-CP in transformed plants, the CP of 
Pune mild (PU-M) isolate was used for plant transformation. It was successfully sub 
cloned in plant transformation vector (pBI 121) from cloning vector (PGEM-T). 
Transformation of the CP gene constructs in E.coli DH5a strain yielded recombinant 
colonies using kanamycin as selection marker. Approximately 0.850 kb coat protein 
gene was amplified using specific primers (AV 3 & AV 4 and AV 11 & AV 12) to 
amplify CP of Pune mild isolate from both, the sense and in antisense clones (Fig. 4.19; 
Lanes 4-7 and 8-10). The CP clone in pGEM-T was used as positive control (Fig. 4.19, 
Lanes 1-2). Presence of insert in pBI 121 was confirmed by PCR and restriction 
analysis. Restriction with Bam HI and Sac 1 released the insert of 0.850 kb (Fig. 4.20) 
from the recombinant plasmid. 
4.9 Papaya transformation 
4.9.1 Calli development and embrvogenesis 
A. tumefaciens, containing coat protein construct in sense orientation (CPS), was 
cultured in the 50 ml LB medium containing 50 ugixl'' kanamycin and 100 ug^il'' rifampicin 
and incubated at 28°C for 20-22 h prior to co-cultivation. Calli induction was first observed 
two weeks after co-cultivation in explants derived from petioles, stems, shoot-tips and roots but 
not in those taken from cotyledons and leaves, which failed to produce calli even at a later 
stage (Table 4.7). After 3-4 weeks, abundant calli formation was obtained from petiole 
explants cultured on medium supplemented with 0.5 mgf' BAP and 0.5 IBA mgl"', and from 
57 
stems and shoot tips on medium supplemented with 2 mgl'^  kinetin and 2 mgl" GA3 (Fig. 
4.22). The medium supplemented with NAA, kinetin and GA3 was less effective in calli 
formation (Table 4.7). Limited calli also developed, usually at the cut surfaces of explants, in 
media supplemented with NAA and kinetin and BAP and IBA. These results indicate that both 
the tissue and composition of medium are important for callus development, the development 
of calli in non-co-cultivated explants on non-antibiotic media was similar to that obtained from 
co-cultivated explants on media containing antibiotics, but the non-co-cultivated explants did 
not survive on antibiotic containing media. These results indicate that the calli developed after 
co-cultivation was from transformed cells. 
Immature zygotic embryos extracted from the seeds of fruits of papaya var. CO-7, 
produced calli on the induction medium supplemented with 1 to 5 mg"' 2,4-D, when cultured 
without co-cultivation but did not survive on the antibiotic containing medium used after co-
cultivation. The immature zygotic embryo (Fig. 4.23 A) cotyledons opened within 7 days after 
transfer to induction medium supplemented with 2,4-D. Initially, the embryos swelled at the 
radical ends and produced the largest masses of loose brown calli from this area after two 
weeks. At this stage all calli were co-cultivated with A. tumefacience containing CPS construct. 
After two days of co-cultivation, the calli were transferred to selection medium supplemented 
with antibiotics (kanamycin 100 mgl"' and cefataxime 250 mgl"'). Putative transformed 
embryos emerged as pale yellow calli that grew out among the mass of brownish embryogenic 
tissues (Fig. 4.23 B). Two weeks later, when the concenfration of kanamycin was increased 
from 100 mgl"' to 150 mgl'', some tissues turned black and stopped growing. In contrast to 
transformed tissues, non-transformed tissues either did not produce embryogenic clusters on 
induction medium with 100 mgl"' kanamycin or developed a limited number of embryos, 
which turned necrotic when transferred to 150 mgl"' kanamycin. Each kanamycin resistant 
cluster of embryogenic tissue was transferred to kanamycin-free induction medium on separate 
plates. The embryos were gently pressed with a forceps to ensure fiiU contact with the medium; 
15 days subculturing was found suitable for developing transformed clusters. 
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1 kb -
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0.850 kb 
Fig. 4 .19 PCR ampli f ied products in plant t ransformat ion vector ( p B I 1 2 1 ) 
Lanes 1 and 2: amplif ied CP fragment f rom in pGEM-T vector as positive 
control ; Lanes M: l Kb markers as size standard; Lanes 4 -7 : CP fragment 
amplif ied from sense construct; Lane 9 - 1 1 : CP fragment amplif ied f rom 
antisense construct. 
10 kb 
-0.850 kb 
Fig. 4 . 2 0 Release of CP fragment from sense (Lane 2) and antisense 
(Lane 3) contructs in pBI 121 by restriction with BamHl and 
S a d . Lane M: 1Kb marker as size standard. 
1 kb—•• 
0.750 k b — • 
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0.250 k b — ^ 
0.850 kb 
Fig. 4.21 PCR amplified fragments of CP constructs in Agrobacterium 
Lane M: 1Kb Marker as size standard; Lane 2: CP gene in pGEM-T 
as positive control;Lanes 3 and 4: amplified fragment from sense 
and antisense orientation; B: Southern hybridization of fragment 
in 'A'. 
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Fig. 4.22 Callus formation from different explants of papaya 
A) Calli from petiole explants, B) Calli from root explants, 
C) Callus from stem explants, D) Calli from shoot tip explants 
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Fig. 4.23 Growth at different steps of tissue culture of putative 
transformants of papaya var. CO-7 
A. I m m a t u r e e m b r y o s as explantS. B. Somatic embryogenesis in induction mediunn. 
C. Ennbryogenic callus on maturation medium. D. PlantletS in p ro l i fe ra t ion m e d i u m . 
E. PlantletS in proliferation medium. F. Shoot formation from somatic embryos 
Fig.24 A. Transformed Papaya in multiplication medium 
with selection markers 
Fig.24 B. Transformed Papaya in rooting medium 
4.9.4 Hardening of transformed papaya plants 
The in vitro regenerated plantlets were removed from culture tubes and 
transferred on paper bridge in half liquid MS mediimi. After one week of hardening in liquid 
medium, these were transferred in moist mixtvire of sand: vermiculite: peat (1:1:1), and covered 
with a beaker to maintain high humidity. After one week the plantlets were transferred and 
maintained in a plant growth chamber. 
4.10 Confirmation of transformants 
All the transformed calli were found positive by PCR, which amplified the 
expected size DNA fragment of 0.850 kb. The PCR amplicons were tested by Southem 
hybridization by using CP fragment from pGEM-T clone as probe for confirming their identity 
(Fig. 4.25). Eight well-grown transformants were selected and tested for incorporation of 
PRSV-CP fragment by PCR. Out of eight transformants tested, amplification of the expected 
size fragment (~ 0.850 kb) was obtained from five fransformants. Out of these, three 
transformants gave sfrong (CpSl, CpS2, CpS4) and two weak (CpS5, CpS7) amplification. No 
amplification was obtained from non-transformed control plants (Fig. 4.26). For fiirther 
confirmation, genomic DNA of transformed plants, which tested positive by PCR, was 
extracted and restricted with Bam HI and used for Southem analysis. Out of the five positive 
transformants, single copy insertion was found in CpS4 and CpS5. The other fransformants had 
more than one copy. The intensity of hybridization varied from plant to plant (Fig. 4.27) 
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0.850 kb 
Fig.4.25 Confirmation of CP region in transformed call! 
through Southern hybridization of PCR products 
Lanes M: 1 Kb marker; LaneS 2 and 3; CP segment from 
pGEM-T clone; Lanes 4 to 9: CP fragment in calli 
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Fig. 4.26 Agarose gel electrophoresis of PCR amplified coat protein fragment 
of PRSV from transformed papaya plants. 
CP fragment amplified from pGEM-T as Positive control; M: marker; 
H:Healthy control; CpSl to CpS8: putative papaya transformants 
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F i g . 4 . 2 7 Southern blot hybridizat ion of t ransformed PCR positive p lan ts . 
Lanes 1 and 2: CpSl and CpS2 showed multiple insertion of transgene; 
Lanes 3 & 4: CpS4 and CpS5 showed single Insertion of transgene; 
Lane 5: CpS7 showed no band 
5. Discussion 
PRSV, a definitive species of the genus Potyvirus (Regenmortel, 2000), is an 
economically important pathogen causing severe losses in papaya globally (Purciflill, 
1984; Gonsalves, 1998), including the Indian subcontinent (Varma, 1988). The virus has 
flexuous filamentous particles (760-800 nm x 12 nm), which are vectored by aphids in a 
non-persistent manner (PurcifuU, 1984). PRSV genome is single stranded positive sense 
RNA genome of 10326 nucleotides having a single open reading frame that is translated 
into a large polypeptide, which is subsequently cleaved in to functional proteins (Yeh et 
al., 1992; Wang and Yeh, 1997). The virus causes diverse symptoms that include vein 
clearing, mottling, malformed leaves, filiformy, ring spots on fruits, and streaks on stems 
and petioles and stunting of papaya plants (PurcifuU, 1984). The six isolates used in this 
study showed a variety of symptoms like mild mottling, mosaic, leaf distortion and shoe 
stringing. Differentiation of PRSV isolates on the basis of symptoms is difficuh, except 
than the mild and severe isolates can be distinguished based on the relatively mild 
symptoms incited by the mild isolates. The six isolates used in the present study formed 
two symptomatic groups. The isolates CH, HP and JK induced only mild mottle and 
mosaic, whereas the other three isolates (KA3, TN and UP-LK) also induced leaf 
distortion and shoe stringing. Variability in the symptom induced by PRSV at different 
locations could be due to the variation in agroclimatic conditions at these locations. 
The Indian isolates of PRSV have been bio-typed to papaya infecting (Type P) 
and non-papaya infecting (Type W) types (Roy et al, 1999). Both types are serologically 
indistinguishable. However, adequate information on the biological, serological and 
molecular characterization of PRSV isolates from different locations in India is not 
available to determine diversity of PRSV isolates in the country. Limited host range and 
serological studies have shown that PRSV isolates originating from different locations 
such as Andhra Pradesh, Bihar, Delhi, Kamataka, Madhya Pradesh, Maharashtra, Sikkim, 
Tamil Nadu, Uttar Pradesh and West Bengal are antigenically similar (Roy et al, 1999). 
In the present study also, all the six isolates were found serologically indistinguishable as 
the virus particles associated with different PRSV samples decorated equally with the 
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polyclonal antiserum raised against the Delhi isolate of PRSV. The PRSV isolates from 
widely separated geographical regions of the world, such as Taiwan and Hawaii are also 
serologically indistinguishable (Yeh and Gonsalves, 1984; Quiot-Douine et al., 1990). 
PRSV was first recorded in western India in 1958 (Capoor and Varma, 1958) 
since then it has spread to different geographical regions, limiting papaya production 
(Varma, 1988). In the 1960's and 1970's it was a constraint in parts of western and 
northern India. By the mid 1980's it also spread to Andhra Pradesh and Kamataka, where 
papaya cultivation was taken on a large scale. First report of PRSV infection in Tamil 
Nadu has been reported in this study, which is also a major papaya growing state in India. 
All the CO varieties of papaya developed at Coimbatore in Tamil Nadu were free from 
PRSV infection but after the appearance of PRSV in Tamil Nadu in 2003, these are at a 
high risk of PRSV infection, particularly as all the CO varieties of papaya were found to 
be highly susceptible to even mild isolate of PRSV in the present study. 
In the absence of availability of natural resistance to PRSV in cultivated papaya, 
management of PRSV through the use of cross protection was tried, but it was not very 
successfiil in Taiwan (Gonsalves, 1998) and India (R. D. Ram, Pune, personal 
communication). The coat protein mediated resistance (CPMR), however, has been 
successfully used for managing PRSV in papaya in Hawaii and Taiwan (Gonsalves, 
1998). The success of CPMR is strongly influenced by coat protein sequence divergence 
(Tennant et al., 1994). Recently, the coat protein (CP) sequences for a few isolates in 
India were determined, which showed a high level of sequence variation between the 
hidian isolates (Jain et al, 1998; Roy and Jain, 2002; Jain et al., 2004). This was in 
contrast to the low level of variation observed between PRSV isolates from Ausfralia, 
United States, Mexico and Brazil (Silva-Rosales et al., 1994; Davis and Ying, 1999; 
Bateson et al., 2002). 
In the present study also variation in the CP region of PRSV genome particularly 
in amino terminal region was observed, hi RT-PCR, the primers HRP 52 and RKJ 3 
could readily amplify isolates TN and UP-LK, but not the isolates CH and KA3, whereas 
primers HRP 50 and RKJ 3 amplified all the isolates used in this study. Such differential 
primers, not identified by the earlier workers, could be useful tools for quick 
differentiation of PRSV isolates. Non-amplification of CP region of CH and KA3 by 
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primers HRP 52 and RKJ 3 was due to variation in the amino terminal of the CP of PRSV 
isolates. Heterogeneity in CP length (852 to 858 nucleotides, and 284 to 286 amino 
acids), observed in this study has also been observed in PRSV isolates from Vietnam 
(Bateson et al, 2002). Like the other Potyviruses (Shukla et ah, 1994), the core region 
and carboxyl terminal region is conserved in PRSV isolates. WCIEN and QMKAA 
regions are a common feature of all the PRSV isolates, which have been sequenced. The 
sequence variation as well as differences in the length of CP was mainly confined to the 
amino terminal region, particularly the "KE region". The divergence in the amino 
terminal of the CP region might account for their differences in host reaction on papaya 
as suggested by Xio et al. (1993) for Sugarcane mosaic virus. However, so far, there is 
no evidence to suggest the role of amino terminus in the infectivity of papaya. PRSV 
isolates, including the isolates used in the present study, are characterized by the presence 
of DAG sequence near the amino terminus, which is associated with aphid 
transmissibility (Atreya et al., 1990, 1991; Shukla et al., 1994). In some Indian isolates 
(PU-M, PU-S and UP-V) DAG sequence is replaced by DAD, EAG or ETG (Jain et al., 
2004), indicating variability amongst the Indian isolates of PRSV. Whether these changes 
will have any affect on aphid transmissibility remains to be seen, as similar changes 
(DAG to DTG) did not influence aphid transmissibility of YK and W (F) isolates of 
PRSV (Wang et al., 1994; Wang and Yeh, 1997). 
The sequence identity between the Indian isolates of PRSV varied from 86 to 99 
% for nucleic acids and 89 to 100 % for amino acids of the coat protein (Table 4.5). 
Based on the nucleotide sequences, isolate HP was most divergent with sequence identity 
of 86 % to 88 % with eight isolates and more than 90 % sequence identity with four 
isolates of India. Maximum sequence divergence of 11 % in amino acid sequences of 
PRSV was between the southern isolate AP and the north - eastern isolates CG, JK and 
UP-LK, and another southern isolate TN and north-eastern isolates JK and UP-LK. Least 
divergence (less than 3 %) was between isolates AP, HP, KAl and KA2 and between 
isolates KA2 and TN, and between PU-M, PU-S and UP-V. Based on both nucleotide 
and amino acid sequences, the Indian isolates of PRSV formed three distinct clusters, 
which were also reflected by the substitutions in amino terminal of coat protein (Table 
4.6). The amino acid residue variation at amino terminal was most distinct for 'W' 
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biotype isolates (DL-W). The overall sequence divergence among the PRSV-P isolates 
from India at nucleotide level was between 1 and 14 %, and at amino acid level 0 and 11 
%, which is much greater than found between the PRSV-P isolates from Australia, 
Thailand, Vietnam and the Americas (Bateson et ah, 2002). Cluster dendrogram based on 
the deduced amino acid sequences showed general correlation between the clusters of 
PRSV isolates and their geographical origin, although one North hidian isolate (HP) 
clustered with the isolates originating from southern hidia, and one isolate from eastem 
India (UP-V) clustered with the west Indian isolates. 
Bateson et al. (2002) found the Indian and SriLankan isolates to be most 
divergent. This was also confirmed in the present study. In fact, the most divergent 
isolates were from the Indian subcontinent. At the nucleotide level the isolate from 
Bangladesh (BD; Jain et a/., 2003) the most divergent (27 to 30 %) when compared with 
the fifteen PRSV isolate from India and ten selected isolates from other parts of the world 
(Table 4.5). Similar variability at the nucleotide level is also foimd for some other 
Potyviruses, like Yam mosaic virus (Bausalem et al., 2000). At the amino acid level, 
however, divergence of BD was 8 to 11 % with the Indian isolates and 7 to 12 % with 
other isolates (Table 4.5). This was also reflected by the phylogenetic free derived from 
the nucleotide sequences in which BD formed a separate branch (Fig. 4.11), but in 
phylogenetic tree derived from the nucleotide sequences it, expectedly, grouped with the 
north - eastem Indian isolates (WB, UP-LK, DL, CG and JK; Fig. 4.12). A total of 108 
sequences of CP of PRSV isolates are available in the GenBank. These sequences were 
divided into three groupes- Asian (73), Ausfralian (6), American (13) and compared with 
the sequences of Indian (16) isolates. All the isolates from the Indian subcontinent, 
including those from Bangladesh (BD), SriLanka (SLOl) and the two PRSV-W isolates 
(DL-W and IN-W) grouped together when analysed with the other Asian isolates. 
Whereas, some of the isolates from other Asian regions (China, Japan, Philippines, 
Thailand and Vietnam) intermingled in the phylogenetic tree derived from amino acid 
sequences, and some other isolates from a coimtry grouped together suggesting of distinct 
sub-populations in those countries (Fig. 4.13). These findings suggest two distinct 
lineages amongst the Asian isolates, with those from the Indian subcontinent forming one 
lineage and the south-east Asian populations the other. The West Indian isolates (PU-M, 
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PU-S and UP-V), SriLankan isolate (SLOl) and one PRSV-W isolate (IN-W) however, 
appear to be closer to some of the isolate from Vietnam and Thailand (Fig. 4.13), 
indicating the possibility of movement of the virus between the regions and even intra 
region through transplants. In phylogenetic analysis with PRSV isolates from Australia 
and the Americas, also, the hidian isolates maintained distinct identity of the three sub-
populations (Fig. 4.14 and 4.15), except that the PRSV-W isolate grouped with the 
Australian and the US-Mexican isolates, which are closely related (Bateson et al., 2002). 
Bateson et al. (2002) have suggested that PRSV may have originated in the Indian 
subcontinent (India / SriLanka), possibly from a cucurbit host. This possibility can not be 
ruled out, but extensive isolation of viruses from cucurbits for the last 35 years have 
never yielded PRSV-P although PRSV-W is a common pathogen throughout Indian (A. 
Varma, personal commimication). The findings presented here do suggest the possibility 
of common origin of the isolates prevalent in South-East Asia and western India. The 
isolates from North, East and South India, however, seem to have originated from 
different sources. This is of particular interest as the virus has been prevalent in western 
India and eastern India for over 35 years, but it has spread in southern India relatively 
recently. 
The origins of PRSV-W isolate IN-W, which groups with the Ausfralian and US-
Mexican isolates are not known. More data on sequences of PRSV-W isolates from 
different parts of India may throw light on the possible origin of PRSV-P in different 
parts of the country. There is also a need for generating more sequence data for the 
isolates from South India, where the virus is spreading to new areas. Some parts of 
eastern India, like Allahabad, are also apparently PRSV free. Close monitoring of such 
areas may help in understanding the origin of PRSV. 
The availability of efficient and reproducible regeneration and fransformation systems is 
important for the development of transgenic plants. Several regeneration protocols for 
papaya have been developed by earlier workers. In these protocols stems, shoot tips, 
shoot buds, petioles, roots, hypocotyls and immature embryos has been used as explants 
(Yie and Liaw, 1977; Arora and Singh, 1978; Litz and Conover, 1978; Rajeevan and 
Panday, 1978; Mondal et al, 1990; Fitch and Mansshardt, 1990; Fitch et al., 1993; 
Hossain et al., 1993; Agnihotri et al., 2004). Amongst these, high rate of embryogenesis 
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is reported only from the protocols using roots or immature embryos as explants (Table 
2.3), In the present study, good callusing was obtained when petioles, stems or shoot tips 
were used as explants, but these failed to develop somatic embryos, which developed 
abundantly from immature embryos extracted from 90-120 days old froiits after suitably 
modifying the medium (Table 2.3) used by Fitch and Manshardt (1990) for culturing 
immature embryos of papaya; a major difference was in the use of NAA + BAP + CCC + 
Ads in place of kinetin, which did not yield good results in the present study. Chen et al. 
(1987) obtained high rate of somatic embryogenesis from calli developed from root 
explants but in this study, poor callusing and no somatic embryogenesis was obtained 
from root explants even on the medium used by Chen et al. (1987), indicating varietal 
influence in callus and embryo development. 
Somatic embryogenesis, obtained from calli derived from immature zygotic 
embryos, is consistent with the reported somatic embryogenesis from immature embryos 
of many plants species cultured on 2,4-D containing media (Ammirato, 1983). 2,4-D 
plays a significant role in the initiation of somatic embryos from immature embryos, as 
has been found for 20 dicotyledonous species in which somatic embryos were produced 
from immature embryos. In this study, the somatic embryos were shifted to 2,4-D-free 
maturation medium for enlargement to avoid adverse effect of prolonged exposure to 2,4-
D, which increases the chance of developing abnormal plants (Cai et al, 1999). 
BAP and lAA were found best for proliferation of shoots from somatic embryos. 
Incorporation of 0.35 mgf' CCC not only improved shoot proliferation, but also inhibited 
intervening callusing. A definite effect of CCC in suppression of callusing of shoots has 
been observed in tomato (De Langhe et al., 1976) and Vigna munga ( Agnihotri et al., 
2001). The rate of proliferation of off shoots increased up to 4* subculture of 20-days 
duration each after which it stabilized. 
Transformation of papaya calli has been achieved by earlier workers through 
Agrobacterium mediated gene transfer (Cheng et al, 1996; Fermin et al, 2004; Davis 
and Ying, 2004) or by microprojectile bombardment of DNA-coated tungsten particles 
(Fitch et al, 1992; 1995; Cai et al, 1999). In the present study calli developed from 
immature embryos of papaya var. CO-7 were used for Agrobacterium mediated gene 
fransfer, with 70 to 80 % success in transformation as determined on the basis of survival 
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of calli on selection medium. The success in transforming calli in this study, is similar to 
that obtained by Davis and Ying (2004), but higher than that obtained by Cheng et al. 
(1996). Greater success obtained in transformation could be due to the nature of calli 
developed by var. CO-7 used in this study compared to var. Tainung No. 2 used by Chen 
et al. (1996); var. F67, used by Davis and Ying (2004), may also be more amenable to 
transformation. 
A large number of plantlets developed from transformed calli. Eight of these were 
selected for rooting and further growth. Eight transformants were selected and checked 
by PCR for the presence of CP sequences. Of the eight putative transformants, five were 
found positive in PCR, although the intensity of the amplification differed from plant to 
plant. Absence of amplification in the three other plants may have due to ineffective 
integration of the introduced gene, which gave initial resistance to kanamycin, but was 
lost later during the development stage of the plant. All the PCR positive transformed 
plants were also found positive by Southern hybridization. Two of the five fransformants 
seem to have single copy insertion of the transgene, whereas the other three seem to have 
more than one copy. Each of these lines needs to be fiarther micro-propagated for fiirther 
analysis and testing for resistance to PRSV. These lines need to be tested for resistance to 
different isolates of PRSV, as the degree of resistance in transgenic papaya seems to vary 
from isolate to isolate. In a recent study, Fermin et al. (2004) found greater resistance in 
transformed papaya to the isolate used as source of CP transgene than to the heterologous 
isolate. 
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6. Summary and conclusion 
Papaya ringspot virus (PRSV), considered to be the most economical and widely 
distributed virus limiting papaya production in various parts of the world, including Indian sub-
continent, induces symptoms like mosaic, leaf blistering, leaf distortion and shoe stringing of 
leaf lamina, water - soaked streaks on the trunk and ring spots on fruits. PRSV is a serious 
pathogen papaya in India. Several isolates of PRSV from India have been studied, but 
information on the variability of the isolates from India was limited. Therefore, the present 
study was taken up to (a) examine variability in PRSV in India through sequence analysis of 
the CP region, and (b) develop transgenic papaya lines, using PRSV coat protein region as 
transgene, for resistance to PRSV. 
1. PRSV isolates were collected from Chattisgarh (Raipur, CH), Himachal Pradesh 
(Solan, HP), Jharkhand (Ranchi, JK), Kamataka (Dharwad, KA3), Tamil Nadu 
(Coimbatore, TN), Uttar Pradesh (Lucknow, UP-LK). These isolates induce 
varying symptoms on papaya, like, mild mottle, mild mosaic, mosaic, leaf 
distortion and shoe stringing. Besides these, water soaked streaks on stem and 
ring spots on fruits were also observed under field conditions. On the basis of 
symptoms, isolates used in the present study formed two groups; the isolates CH, 
HP and JK induced only mild mottle and mosaic, whereas the other three isolates 
KA3, TN and UP-LK also induced leaf distortion and shoe stringing. 
2. In Immimosorbent electron microscopy (ISEM) decoration test using polyclonal 
antiserum of Delhi (DL) isolate, all the six isolates used were in the present study 
foimd serologically indistinguishable. 
3. Susceptibility of eight papaya varieties (CO-1 to CO-7 and Pusa Giant) was tested 
by sap inoculation and determination of virus titre by ELISA. Virus reached high 
tifre in all these varieties, but all the CO varieties were found more susceptible to 
PRSV Pune mild isolate compared to Pusa Giant. 
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4. PRSV infection in Tamil Nadu, which is a major papaya growing state in India, 
has been reported for the first time in this study, 
5. A set of universal primers from conserved regions of Nib (HRP 50) and CP gene 
(RKJ 3) was derived to amplify the full CP region from all PRSV isolates. 
6. The CP region of all the six isolates of PRSV from India was amplified by reverse 
transcriptase polymerase chain reaction (RT-PCR) using primers HRP 50 & RKJ 
3, but only CP regions of isolates TN and UP-LK were amplified using primers 
HRP 52 & RKJ 3. Lack of amplification from other isolates by primers HRP 52 & 
RKJ 3 was due to variation in amino terminal region of these isolates. 
7. RT-PCR amplified CP regions were cloned and sequenced and compared with 
available sequences of PRSV isolates using CLUSTAL W software at both 
nucleotide and amino acid levels. The CP coding region of PRSV showed 
heterogeneity, as it varied from 852-858 nucleotides encoding 284-286 amino 
acids. The differences in length and sequence variation in the CP region were 
mainly confined to the amino terminal region of CP, particularly in KE repeat. 
Aphid transmission motif (DAG) was present in all the six isolates used in this 
study. 
8. Indian isolates shared 86-99 % and 89-100 % nucleotide and amino acid 
sequences respectively. On the basis of amino acids, maximum sequence 
divergence was obtained between the southern isolate AP and north - eastern 
isolates CG, JK, and UP-LK, and another southern isolate TN and north - eastern 
isolates JK and UP-LK (up to 11 %). Least divergence was between isolates AP, 
HP, KAl and KA2 and between isolates KA2 and TN, and between PU-M, PU-S 
and UP-V isolates (less than 3 %). 
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9. The overall sequence divergence among the PRSV-P isolates from India at 
nucleotide level was between 1 and 14% and at amino acid level between 0 and 
11 %, which is much greater than found between the PRSV-P isolates from 
Australia, Tthailand, Vietnam and the Americas. 
10. On the basis of cluster dendrogram and amino acid substitutions, Indian isolates 
formed three clusters; the south Indian isolates (AP, KAl, KA3 and TN) and one 
North Indian isolate (HP) formed one cluster, the East and North Indian isolates 
(WB UP-LK, DL, CH and JK) formed the second cluster and the West Indian 
isolates (PU-M and PU-S) along with one East Indian isolate (UP-V) formed the 
third cluster. But isolate HP formed cluster with the North and East Indian isolates 
on the basis of nucleotide sequences. 
11. Comparative amino acid sequence analysis of the PRSV isolates from different 
counfries shared 89-100 % identity with the isolates from India and Bangladesh, 
while the other Asian, Ausfralia and Americas (BZ, MK and US) were more 
closely related to each other (93-97 % identity). The Bangladesh isolate, however, 
shared only 70 to 73 % identity on the basis of nucleotide sequences. 
12. The CP region of PRSV Pune mild isolate (PU-M) in sense and in antisense 
orientation and of Tamil Nadu (TN) in sense orientation were engineered in pBI 
121 plant transformation binary vector and introduced into Agrobacterium 
tumefacience sfrain LBA 4404 through triparental mating. The sense fragment 
was also cloned in protein expression vector (QIA UA cloning vector) to validate 
frill CP frame. Cloning of CP region was confirmed by PCR and Southern 
hybridization. In the protein expression vector, PRSV CP was expressed by the 
TN construct but not by PU-M construct indicating frame shift in the latter. 
13. Regeneration protocol for papaya was developed and standardized by using 
Cotyledons, immature embryos, leaves, petioles, roots, stems and shoot tips as 
explants. Immature embryos, petioles, stems and shoot tips produced abundant 
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calli in comparison to roots that produced less calli, but cotyledons and leaves did 
not produce calli. Among these, only calli produced from immature embryos 
showed somatic embryogenesis. 
14. CP sense construct of PU-M was used for A. tumefacience mediated 
transformation of calli developed from immature embryos (var. CO-7). 
Transformed papaya plants developed within six to seven months of initial 
fransformation. 
15. Putative transformanats were identified in kanamycin selection medium and 
insertion of CP gene was confirmed by PCR and Southern hybridization. Out of 
eight putative fransformed lines, five were foimd positive by PCR and Southern 
hybridization. 
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8. APPENDIX 
APPENDIX I 
I. Rapid screening for the recombinant clones 
To ascertain white colonies (clones) with insert, a rapid screening method was 
used. 
• A small amount of overnight grown bacterial colonies were picked from master 
plate individually with the help of sterile toothpick and mixed with 50 |i.l 10 
mM EDTA (pH 8.0) in sterile microfuge tubes. One or two blue colonies of 
transformed bacterial cells were also taken for control. 
• 50 fil fresh lysis solution (2 N NaOH, 0.5 percent SDS, 20 per cent sucrose) 
was added in each tube and vortexed for 30 s. 
• The mixture was incubated at 70°C for 5 min and immediately cooled down to 
room temperature. 
• 1.5 ^1 4 M KCl and 0.5 ^1 0.4 per cent of bromophenol blue were added to 
each tube and vortexed for 30s. 
• The mixture was then incubated for 5 min on ice and centrifuged at 10,000 rpm 
for 30 min at 4°C in tabletop centrifuge. 
• Bacterial cell debris was removed and 30 |il supernatant from each tube along 
with the control were electrophoresed in 1% agarose gel. 
• The lanes which show higher plasmid and the respective colonies were taken 
for isolation of recombinant plasmid DNA. 
II. Isolation of recombinant plasmid DNA isolation by miniprep method 
Isolation of reconbinant plasmid DNA was done by modified alkaline lysis method 
(Brinboim and Doly, 1979). 
• Bacterial cells were inoculated in 2 ml Luria broth (Appendix I) containing 
antibiotic in sterile capped culture tubes. 
• Incubate these culture tubes at 37°C for overnight at 200 rpm in a shaker 
incubator. 
• The overnight grown bacterial cells were then transferred to 1.5 ml sterile 
eppendrof tube and were harvested by centrifuging in a table top centrifuge for 
1 min. Discard the supernatant carefully. 
• The pellets were re-suspended in 100 |il of solution I (50 mM Tris pH 8.0, 
lOmM EDTA)) and mix vigorously by vortexing. 
• The freshly prepared lysis solution i.e., solution II (0.2 N NaOH, 1 % SDS) 
was added and mixed gently. 
• 120 |il ice-cold solution III (3 M Sodium acetate, pH 4.8 ) was added and 
mixed gently with lysed cell suspension and kept this mixture for 3 min. at 
room temperature. 
• Centrifuged at 15,000 rpm for 5 min at 4°C in a table top centrifuge to remove 
the chromosomal DNA and the bacterial cell debris. 
• Mixed the supernatant with 200 [i\ (0.6 V) isopropanol. 
• The mixture was centrifuged in a table top centrifuge for 5 min. 
• Wash the pellet with 200 i^ l of 70% ethanol to remove the adhering salts. 
• Centrifuged the DNA at 15,000 rpm for 5 min then palletized it. 
• Dry the pellets and finally suspended in 30 ^1 sterile double distilled water 
III. Restriction analysis of clones 
The presence of insert in transformants was confirmed by restriction 
analysis. Isolated plasmid DNA was digested with restriction enzymes Eco RI in 
pGEM-T and Bam HI & Sad in pBI121. The clones were restricted using the 
Plasmid DNA, lOX reaction buffer, Eco Rl 10 units (10 |iM/|j,l), sterile double 
distilled water in the ratio of 4:2:1:13 to make a total volimie of 10 i^ l. The mixtwe 
was briefly centrifuged and incubated overnight at 37°C. Electrophoresed the digested 
product at 60 volts on 1% agarose gel. Insert size was assessed in comparison with 
1 kb molecular weight markers (GeneRuler^'^, MBI). 
IV. Southern hybridization 
• After fractionating the DNA by gel electrophoresis, the desired part of the 
gel was marked to identify the orientation, and soaked it in several volumes 
of denaturation solution (Appendix II) with constant shaking for 30 min. It 
was then rinsed briefly in deionized H2O, and neutralized it by soaking for 
30 minutes at room temperature in neutralization buffer (Appendix II) for 
15 minutes. 
lU 
• The nitrocellulose membrane (NCM) was cut about 1mm larger than the gel 
in each dimension; one end of the membrane was cut to mark the gel 
orientation. Two sheets of thick blotting paper was also cut to the same 
size as the membrane. The membrane was soaked in deionized H2O until it 
was completely wet and then it was immersed in transfer buffer (10 x SSC) 
for at least 5 minutes. 
• A simple apparatus was assembled (Appendix IV) for capillary transfer of 
DNA from agarose gel to the NCM. 
• After the capillary transfer of the DNA, NCM was soaked in 6X SSC for 5 
minutes at room temperature, for fixing the DNA to the NCM. The NCM 
was then dried, placed between two sheets of blotting paper and baked for 2 
hours at 80°C in a vacuum oven. 
• For hybridization the NCM containing the target DNA was soaked in 6X 
SSC until it was membrane thoroughly wet, and then transferred to 
Prehybridization solution (Appendix II) in a hybridization tube and heated 
in a prewarmed hybridization oven 65°C for 4 h with gentle rotation. 
• The DNA probe was prepared using random primer labeling kit (Bangalore 
Genei), in the following steps: 
i. 1 |J1 of 0.25 mgiil"* of gel eluted CP gene fragment was taken in DNA in a 
clean autoclaved eppendorf tube. 
ii. 9 [il of autoclaved milli Q was added. 
iii. The contents were boiled for 5 minutes in a boiling water bath. 
IV 
iv. The denatured sample was chilled for 5 to 10 min. and centrifuged at 8000 
rpm for 30 s. 
V. 2.5 \i\ of 1 OX labeling buffer was added. 
vi. 1 |j.l of 100 ng"^ ' random primer was added, 
vii. 2.5 |il of 20mM DTT solution was added, 
viii. 2 |al of dATP, dGTP and dTTP mix was added. 
ix. 3 ^1 of ^^ P CTP, obtained from added. 
X. 3 nl of autoclaved double distilled water was added. 
xi. 1 |al containing 3 ujil'^  klenow fragment was added and mixed gently. 
xii. The mixtiire was Incubate at 37 °C for 2 hours 
xiii. 2 |al to check the specific activity. 
• The double stranded P labeled DNA probe was denatured in a boiling 
water bath for 5 min., and immediatelychilled on ice. The prehybridization 
solution in the hybridization bottle was replaced with fresh 15 ml 
hybridization solution containing 2 |al of the probe. The hybridization was 
allowed for 18 h at 65°C for 18 h with gentle rotation. 
• After hybridization, the NCM was rinsed in 2X SSC containing 0.5 % SDS 
for 5 min. Then it was washed with three changes of 2X SSC containing 0.5 
% SDS for 10 min. each with gentle rotation. The first washing was at room 
temp, the second at 50''C, and the third at 65 °C. Finally, the NCM with 
rinsed again with 0.5 % SDS, blotted dry and used for exposing X-ray film. 
Remove most of the liquid from the membrane by placing it on a pad of 
paper towels. 
V. Pouring SDS-polyacrylamide Gels 
• Assembled the glass plates according to the manufacturer's instructions (Bio-
Rad). 
• 
• 
• 
• 
Mixed the components in the order shown. Polymerization will begin as soon as 
the TEMED has been added. Without delay, swirl the mixture rapidly and proceed 
to the next step. 
Poured the acrylamide solution into the gap between the glass plates. Leave 
sufficient space for the stacking gel (the length of the teeth of the comb plus 1 
cm). Isobutanol solution was poured over acrylamide. Place the gel in a vertical 
position at room temperature. 
After polymerization, washed the top of the gel several times with deionozed H2O 
to remove any unpolymerized acrylamide. Drain as much fluid as possible fi-om 
the top of the gel, and then removed H2O with the edge of a paper towel. 
Prepared the stacking gel by mixing the components in the order shown in 
Appendix II. Without delay, swirl the mixture rapidly and proceed to the next 
step. 
Poured the stacking gel solution onto the surface of the polymerized resolving gel 
and insert a clean Teflon comb into the stacking gel solution. Fill the spaces of the 
comb completely with the help of stacking gel solution. Placed the gel in a 
vertical position at room temperature. 
VI 
Appendix II 
I. ANTIBIOTICS 
Ampicillin 
Kanamycin 
Stock solution (50 mgrnl'') of the antibiotic was made in double 
distilled water, filter sterilized (through 0.22 micron filter) and 
distributed into 200 jil aliquots and stored at - 20°C. It was 
used at a concentration of 50 jigiil'' 
Stock solution (50 mgml"') of the antibiotic was made in double 
distilled water, filter sterilized (through 0.22 micron filter) and 
distributed into 200 i^l aliquots and stored at - 20°C. It was 
used at a concentration of 50 ngiil' 
Cefataxim Stock solution (50 mgml"') of the antibiotic was made in double 
distilled water, filter sterilized (through 0.22 micron fiher) and 
distributed into 200 |4,1 aliquots and stored at - 20°C. It was 
used at a concentration of 50 ^ g^^^ 
Rifampicin Stock solution (50 mgml"') of the antibiotic was made in 
methanol, filter sterilized (through 0.22 micron filter) and 
distributed into 200 ^l aliquots and stored at - 20°C. It was 
used at a concentration of 50 |igp.r'. 
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II. Luria Agar medium Bacto-tryptone 
Bacto-yeast extract 
NaCl 
Agar 
Deionized water 
10.0 g 
5.0 g 
10.0 g 
15.0 g 
950 ml 
pH was adjusted to 7.0 with 5N NaCl and volume made upto 1 litre with deionized water. 
It was dispensed in 100 ml aliquots in 250 ml flasks and was sterilized by autoclaving for 
20min. at 15 p.s.i. 
Luria Broth medium Trptone 
Yeast extract 
NaCl 
Deionized water 
10.0 g 
5.0 g 
5.0 g 
950 ml 
pH was adjusted to 7.0 with 5N NaCl and volume made upto 1 litre with deionized water. 
It was dispensed in 100 ml aliquots in 250 ml flasks and was sterilized by autoclaving for 
20min. at 15 p.s.i. 
III. Reagents for ELISA 
Coating buffer Na9C0T 
KH2PO4 
Na2HP04 
KCl 
Volume made upto 1 litre with deionized water. 
1.59 g 
0.2 g 
2.9 g 
0.2 g 
VUl 
Wash buffer (PBS-T) 
Added 0.5 ml of Tween-20 to 1000 ml PBS 
Blocking solution: 
Added 5 g of Bovine serum albumin (BSA) to 1000 ml coating buffer 
Antibody conjugate buffer (PBS-TPO) 
PBS-T 1000 ml 
Polyvinyl PyrroUidone (PVP) 20.0 g 
Ovalbumin 2.0 g 
Substrate buffer (pH 9.8) 
Diethanolamine 97 ml 
Distilled water 800 ml 
The pH adjusted to 9.8 with IN HCl (about 67 ml) and made upto 1000 ml with distilled 
water. 
IV. Electrophoresis reagents 
50 X TAB 
Loading dye 
Tris base 
Glacial acetic acid 
0.5 M EDTA (pH 8.0) 
Distilled water 
1 % Bromophenol blue 
Glycerol 
242.0 g 
57.1 ml 
100 ml 
1 Litre 
200^1 
200^1 
IX 
10% SDS 
0.5 M EDTA 
lOXTAE 
Distilled water 
60^1 
50^1 
60^1 
30^1 
V Reagents for Southern hybridization 
Denaturation solution 
0.5 N NaOH 
1.5MNaCl 
Neutralization Solution 
1.5NaCl 
0.5 M Tris HCl (pH 7.4) 
0.01 M EDTA 
Washing solution 
2XSSC 
0.5 % SDS 
20 X SSC 
NaCl 175.3 gm 
Sodium Citrate 88.2 gm 
Dissolve in 800 ml water and adjust pH 7.6 with HCl / NaOH and make up volume up to 
1000 ml. 
SOX Denhardt's 
Dissolve equal weight salts separately 
Bovine serum albumin: FicoU: Polyvinypyrolidone sp.; 1: 1: 1 (g) 
Dissolve FicoU and PVP separately by warming them in 10 ml water each. Dissolve BSA 
at room temperature with the help of stirrer. Mix all three and made upto volume 100 ml. 
This stock solution was stored at -20°C. It was used at working concentration of 5X 
Denhardt's reagent. 
Prehvbridization solution 
5X Denhardt's solution 
6XSSC 
0.5 % SDS 
100 ^ ig ml"'Yeast RNA 
VI. Reagents for SDS polyacrylamide gel electrophoresis 
a) Solution for preparing resolving gels for Tris-glycine SDS-Polyacrylamide Gel 
electrophoresis 12% gel (5 ml) 
H2O 1.9 ml 
30% acrylamide mix 2.0 ml 
1.5MTris(Ph8.8) 1.3 ml 
10% SDS 0.05 ml 
10% ammonium persulfate 0.05 ml 
TEMED 0.002 ml 
XI 
b) Solution for preparing 5% stacking gels for Tris-glycine SDS-Polyacrylamide Gel 
electrophoresis 5% gel (5 ml) 
H2O 3.4 ml 
30% acrylamide mix 0.83 ml 
1.0MTris(Ph8.8) 0.63 ml 
10% SDS 0.05 ml 
10% ammonium persulfate 0.05 ml 
TEMED 0.005 ml 
c) IX Tris -glycine electrophoresis buffer 
25 mm Tris 
250 Mm glycine (electrophoresis grade) (pH 8.3) 
0.1% (WA )^ SDS 
Prepare a 5X stock of electrophoresis buffer by dissolving 15.1 g of Tris base and 94 g 
glycine in 900 ml of deionized H20. Then add 50 ml of a 10% (w/v) stock solution of 
electrophoresis -grade SDS and adjust the volume to 1000 ml with H2O. 
d) IX SDS gel-loading buffer 
50 mm Tris-Cl (pH 6.8) 
100 mM dithiothreitol 
2% (w/v) SDS (electrophoresis grade) 
Xll 
0.1% bromophenol blue 
10% (v/v) glycerol 
Store IX SDS gel-loading buffer dithiothreitol at room temperature. Add dithiothreitol 
from a IM stock just before the buffer is used. 
VII. OTHER BUFFERS 
Phosphate buffer 
Potassium dihydrogen phosphate (KH2PO4) 1.362 g"' 
Disodium hydrogen phosphate dihydrate (Na2HP04.2H20) 1.781 g'' 
51.0 ml Na2HP04.2H20 solution mixed with 49.0 ml KH2PO4 solution gives phosphate 
buffer pH 7.0 and 0.0 IM. 
10 X Ligation buffer 
0.5 M Tris.HCI (pH 7.6) 
0.5 M MgCl2 
0.1 M Dithiothreitol 
500 \ig ml'' Bovine serum albumin 
(Fraction V, Sigma Chemical Co., A 8022) 
VIII. DNA MOLECULAR WEIGHT MARKER 
kilobase (Ikb) DNA ladder of MBI Fermentas was used as marker. The ladder is formed 
DNA fragments of 10 kb, 8 kb, 6 kb, 5 kb, 4 kb, 3.5 kb, 2.5 kb, 2 kb, 1.5 kb, 1 kb, 0.5 kb 
and 0.25 kb. 
xni 
IX. Preparation of commonly used stock solution 
Solution Method of preparation 
0.1 M Adenosine triphosphate (ATP) 60.0 mg of ATP was dissolved in 0.8 ml 
of distilled water. The ph was adjusted to 
7.0 with 0.1 N NaOH and volume made 
upto 1 ml with distilled water. The 
solution was dispensed into small 
aliquots and stored at -70 °C. 
IM CaCL2 54.0 g of CaCl2.2H20 was dissolved in 
200 ml of pure water (Milli-Q). The 
solution was sterilized by passing 
through a 0.22 micron filter and stored in 
1 ml aliquots at 4°C. 
1 M MgCl2 203.3 g of MgCl2.6H20 was dissolved in 
800 ml of distilled water. The volume 
made upto 1 L, dispensed into aliquots 
and steriled by autoclaving. 
0.5 M EDTA (pH 8.0) 186.1 g of ethylenediamine tetra acetic 
acid disodiimi salt.2H20 was added to 
800 ml of distilled water, stirred 
vigorously on a magnetic stirrer. 
Ethidium bromide (10 mil") 1.0 g of ethidiixm bromide was added to 
100 ml of distilled water and stirred on a 
magnetic stirrer for several hrs. to ensure 
that the dye has dissolved. The solution 
XIV 
was transferred in to dark colour bottle 
and stored at room temperature. 
IPTG (Isopropyl-P-D-thiogalactopyranoside) A solution of IPTG was made by 
dissolving 2.0 g of IPTG in 8 ml of 
distilled water. Volume was made up to 
10 ml with distilled water and sterilized 
by filtration through a 0.22 |a,m 
disposable filter. The solution was 
dispensed into 1 ml aliquots and stored 
at -20 °C. 
X-gal (5-bromo-4-chloro-3-indolyl- P-D-galactopyranoside) 
The stock solution was made by 
dissolving X-gal in dimethyl formamide 
tomak( 
-20°C. 
ml 
to make a 20 mg' solution and stored at 
IMTris-HCl 121.1 g of Tris-base was dissolved in 
800 ml of distilled water. pH was 
adjusted to the desired value adding 
concentration HCl (for pH 7.4, 70 ml 
HCl; for pH 8.0, 42 ml HCl). The 
solution was allowed to cool down to 
room temperature before making final 
adjustment to the pH. The volume was 
made up to 1 liter with distilled water, 
dispensed into aliquots and sterilized by 
autoclaving. 
XV 
10 % Sodiiun dodecyl sulphate (SDS) 100 g of electrophoresis grade SDS was 
dissolved in 900 ml of distilled water, 
heated at 68°C to assist dissolution and 
pH was adjusted to 7.2 by adding few 
drops of concentrated HCl. The volume 
was made up to 1 liter with distilled 
water and dispensed in aliquots. 
lONNaOH Dissolved 400 g of NaOH in 800 ml of 
distilled water and made up the volume 
to 1 liter with distilled water. 
3 M Sodium acetate Dissolved 408.1 g sodium acetate in 800 
ml water, adjusted the pH to 4.8 or 5.2 
with glacial acetic acid. Volume was 
made up to 1 liter and sterilized by 
autoclaving. 
20X SSC Dissolved 175.3 g NaCl and 88.2 g 
sodium citrate in 800 ml water. Adjusted 
the pH to 7.0 with few drops of 10 N 
NaOH. Volume was made up to 1 liter 
and sterilized by autoclaving. 
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Appendix III 
I. Composition of various media used in this study MS (Murashige and Skoog 1962), B5 
(Gamborg et al., 1968), SH (Schenk and Hildebrandt 1972) and PM (Proliferation medium 
developed in present investigation) 
Component MS B5 SH PM 
Major salts (mgl') 
NH4NO3 
KNO3 
CaCl2.2H20 
MgS04.7H20 
KH2PO4 
(NH4)2S04 
NH4H2PO4 
NaH2P04.2H20 
Na2S04 
1650 
1900 
440 
370 
170 
-
-
-
-
-
2500 
150 
250 
-
134 
-
150 
-
-
2500 
200 
400 
-
-
300 
-
-
1500 
1000 
400 
370 
170 
100 
-
-
100 
Minor salts (mgl'') 
KI 
H3BO3 
MnS04.4H20 
MnS04.H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
**Na2.EDTA 
FeS04.7H20 
Vitamins and org 
myo-inositol 
Nicotinic acid 
Pyridoxin HCl 
Thiamine HCl 
Glycine 
*L-arginine 
0.83 
6.2 
22.3 
-
8.6 
0.25 
0.025 
0.025 
37.3 
27.8 
anics (mgl'*) 
100 
0.5 
0.5 
0.1 
2.0 
-
0.75 
3.0 
-
10 
2.0 
0.25 
0.025 
0.025 
37.3 
27.8 
100 
1.0 
1.0 
10 
-
-
1.0 
5.0 
-
10 
1.0 
0.1 
0.2 
0.1 
20 
15 
1000 
5.0 
0.5 
5.0 
-
-
0.83 
6.2 
22.3 
-
8.6 
0.25 
0.025 
0.025 
37.3 
27.8 
100 
0.5 
0.5 
1.0 
2.0 
10 
Sucrose 30 g 20 g 25 g 20 g 
pH 5.8 5.5 5.8 5.8 
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* The amino acids should be dissolved separately and filter sterilized before being 
added to the autoclave medium. 
** Preparation of Iron EDTA solution: Dissolved 5.57 g of FeS04.7H20 and 7.45 g of 
Na2EDTA in 350 ml of water separately; heated gently. Mixed both the solutions and 
made the volume up to 1 liter. 
II. Linsmaier and Skoog (1965) media has the same salts as MS, but contains thiamine at 
6.4 mgf' of inositol instead of MS vitamins and glycine. 
III. Induction medium (II) 
Half strength MS sahs; Casein hydrolysate, 800 mgl"'; Malt extracts, 400 mgf'; 
Adenine hemisulphate, 50 mgf', Sucrose, 6 %; Glucose, 5 gl"'; 2,4-D, 2-5 mgf'; 
Agar, 0.8; pH 5.8 
IV. Composition of BMl, BM2 and BM3 media 
It differed fi-om MS medium was: KNO3, 1000: NH4NO3, 1500: CaCl2.2H20, 400; 
Na2S04, 100; (NH4)2S04,100; thiamine-HCl, 1; and L-arginine-HCl, 10 mgf'. Medium 
BM2 is similar to BMl except m-inositol (50 mgf'), while BM3 comprised half-
strength concentration of Knop's mediiim with MS trace elements and disodium-ferric-
ethylene-diamine-tetra acetate (Na-Fe-EDTA, 3mir'), prepared after the manner of MS. 
pH-5.8. 
Knop's salts (mgl"'): Ca(N03)2, 500; KNO3, 125; MgS04.7H20, 125; KH2PO4, 250; 
FeCl3.6H20, 125. 
XVUl 
V. stock solutions of growth regulators 
50 mgml' (ImM) Compound Abbreviations 
Cytokinins: 
Benzyladenine BA 11.25 
Isopentyl Adenine 2-ip 10.15 
Kinetin KIN 10.75 
Zeatin ZEA 10.95 
Dissolved cytokinin in 2.5 ml of 0.5 N HCl; heat gently and make to volume. Adjust the pH to 
about 5.0. 
Auxins: 
Indole-3-acetic acid lAA 8.25 
Indole-3-butyric acid IBA 10.16 
1-Naphthaleneacetic acid NAA 9.31 
2,4-Dichlorophenoxyacetic acid 2,4-D 11.05 
2,4,5-Trichlorophenoxyacetic acid 
Picloram PIC 12.06 
Dissolved auxin in 2.5 ml of 95 % ethanol or 2.5 ml of 1 M KOH or NaOH; stir, heat gently; 
gradually add water to volume; adjust pH to about 5.0. 
Others 
Gibberellic acid 
Abscisic acid 
GA3 
ABA 
17.32 
13.20 
Dissolved in 5 ml of 95 % ethanol; stir, heat gently; gradually add water to volume. 
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Summary. The coat protein (CP) sequences of eleven Papaya ringspot virus 
(PRSV) isolates originating from different locations in India were determined, 
analysed and compared with the sequences of other isolates of PRSV. The virus 
isolates from India exhibited considerable heterogeneity in the CP sequences. The 
CP-coding region varied in size from 840-858 nucleotides, encoding protein of 
280-286 amino acids. Comparative sequence analysis revealed that tiie PRSV 
isolates originating from India were divergent up to 11%. Though the PRSV iso-
lates were differentiated in to two clusters, yet the sequence variation could not be 
correlated with the geographical origin of the isolates. Implication of the sequence 
variation in the coat protein derived transgenic resistance in papaya is discussed. 
Isolates of Papaya ringspot virus (PRSV), a definitive species of the genus 
Potyvirus [19], are economically important pathogens causing severe losses in 
papaya globally [7]. The virus causes diverse symptoms that include vein clear-
ing, mottling, malformed leaves, fiUformy, ring spots and streaks on fruits, stem 
and petioles and stunting [11]. The virus is known to be vectored by aphids 
in a non-persistent manner [11]. PRSV particles are flexuous filaments (760-
800 nm X 12 nm) containing single-stranded positive-sense RNA genome of 10326 
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nucleotides. PRSV genome has a single open reading frame that is translated in 
to a large polypeptide and subsequently cleaved into functional proteins [21, 22]. 
PRSV was first recorded in western India in 1958 [4] and since then it has 
spread to different geographical regions, limiting papaya production [20]. The 
Indian isolates of PRSV has been bio-typed to papaya infecting (Type P) and 
non-papaya infecting (Type W) types [14]. These isolates have not been well 
characterized at the molecular level. The CP sequences are available for a few 
isolates showing nucleotide and amino acid sequence divergence up to 13% and 
7% respectively [9]. In order to determine the sequence diversity within PRSV 
isolates from different geographical locations, CP nucleotide and amino acid 
sequences of eleven PRSV isolates were analysed. The information about the 
variability in the CP gene of PRSV population will be very useful in designing 
transgene for developing durable virus resistant transgenic papaya in India. 
PRSV infected papaya samples exhibiting mild mottling, yellow mosaic, vein 
clearing, leaf blistering, leaf distortion and shoe stringing were collected from 
different geographical locations. Details of the sample, their names, origin and 
pathotype are shown in Table 1. The virus identity was confirmed by pathogenicity 
tests on papaya maintained in an insect-proof glasshouse by mechanical inocu-
lations using 0.01 M potassium phosphate buffer (0.033 M KH2PO4, 0.067 M 
K2HPO4, pH 7.0). 
Total RNA from fresh/CaC^ desiccated healthy and infected papaya tis-
sues (10 mg) was extracted using RNeasy kit according to the manufacturer's 
instructions (Qiagen Inc., Chatsworth CA 91311, U.S.A., Cat No. 74904). The 
resulting RNA preparation was incubated at 70 °C for lOmin and snap-cooled 
on wet ice for 5min and then used as template for reverse transcription and 
polymerase chain reaction (RT-PCR) [9]. The nuclear inclusion b (Nib) and 
coat protein (CP) regions from six PRSV isolates collected from different lo-
cations (AP, DL, KAl, PU-S, UP-V, WB) were ampUfied in two steps using two 
different sets of primers. Overlapping fragments representing partial Nib and 
CP regions were amplified using HRP 50 (5'ATGATAGAGTCATGGGG3') and 
HRP 83 (5'CGCGTTACTGAAGTGAGC3') primers and the CP region alone was 
amplified using HRP 52 (5'TCCAARAATGAAGCTGTGGATGT3') and RKJ 3 
(5'GTTGCGCATACCCAGGAGAG3') primers. The ampUfication conditions in 
both the steps included one cycle of reverse transcription for 45 min at 42 °C, 40 
cycles of denaturation for 30 s at 94 °C, annealing for 2 min at 46 °C and extension 
for 1 min at 72 °C and one cycle of final extension of 60 min at 72 °C. The CP 
region from the remaining five of eleven isolates (CG, HP, JK, KA3, UP-LK) were 
amplified by PCR with primers HRP 50 and RKJ 3. PCR amplified DNA was gel 
purified using a PCR purification kit (Qiagen) and then cloned in pGEM-T Easy 
vector (Promega). Two clones of each isolate were sequenced in both directions 
and the sequencing was carried out at Department of Biochemistry, South Campus, 
University of Delhi, Delhi, India. There was no sequence difference between 
the two clones of each isolate and the sequences were submitted to GenBank. 
Both nucleotide as well as amino acid sequences were compared with the already 
available CP sequences of PRSV isolates from India and other Asian, North 
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Table 1. Sources of coat protein (CP) gene sequences of PRS V isolates from India and other countries 
used in this study for comparison 
Isolates 
Indian A? 
CG 
DL 
HP 
JK 
KAl 
KA2 
KA3 
PU-M 
PU-S 
UP-LK 
UP-V 
WB 
DL-W 
Other Asian BD 
CH 
JAP 
PHP 
TW 
TH 
VN 
Australian AU 
Americas BZ 
MX 
US 
Origin 
Hyderabad (Andhra Pradesh) 
Raipur (Chattisgarh) 
Delhi 
Solan (Himachal Pradesh) 
Ranchi (Jharkhand) 
Bangalore (Kamataka) 
Bangalore (Kamataka) 
Dharwad (Kamataka) 
Pune (mild) (Maharashtra) 
Pune (severe) (Maharashtra) 
Lucknow (Uttar Pradesh) 
Varanasi (Uttar Pradesh) 
Bardhman (West Bengal) 
Delhi 
Bangladesh 
China 
Japan 
Philippines 
Taiwan 
Thailand 
Vietnam 
Australia 
Brazil 
Mexico 
Florida 
Pathotype 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
W 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
GenBank 
accession no. 
AY238880 
AY491011 
AF238883 
AY458617 
AY458619 
AY238884 
AF120270 
AY458618 
AF063221 
AY238881 
AY458620 
AY238882 
AY238885 
AF063220 
AY423557 
AF243496 
AB044339 
AF506894 
X97251 
U14743 
U14742 
U14736 
AF344640 
AJOl12649 
D00595 
Reference 
This study 
This study 
This study 
This study 
This study 
This study 
Unpublished 
This study 
9 
This study 
This study 
This study 
This study 
9 
8 
Unpublished 
Unpublished 
2 
21 
2 
2 
2 
Unpublished 
16 
12 
American, South American and Australian isolates (Table 1) using Seqaid Version 
3.6 [13]. Multiple sequence analysis were made using CLUSTAL W program 
[18]. Sequence phylograms were constructed using PHYLIP package (bootstrap 
analysis with ICiOO replicates) and rooted trees were generated using TREEVIEW 
software [10] using an isolate oi Potato virus Ya.s the outgroup. 
The CP sequences of 25 PRSV isolates originating from different countries 
were compared (Table I). The conserved regions in the CP of potyvirus such as 
WCIEN and QMKAAA [15] were present in all the isolates. A stretch of KE 
(lysine and glutamic acid) repeats ("KE region") [16] was also observed in the 
amino terminal region of all the PRSV sequences analysed. Further, the DAG 
triplet, attributed to the aphid transmissibility of the virus [1], was also conserved 
in the CP of eleven of the fourteen Indian isolates. 
Considerable heterogeneity in the CP length was observed and the CP-coding 
region in the Indian isolates varied from 840-858 nucleotides, encoding proteins 
R. K. Jain et al.: Coat protein gene of Papaya ringspot virus isolates from India 
of 280 (KA2 isolate) - 286 (AP isolate) amino acids. Size differences resulted from 
the differences in the number of KE repeats in the amino terminal region. Like 
other potyviruses [15], the amino terminal region was extremely variable in the 
first fifty amino acids and the most amino acid substitutions were identical in 
this region. The presence of lysine^° and aspartic acid^' was observed in AP, 
HP, KAl, KA2 and KA3 isolates. Similarly, WB isolate possessed alanine'*^ and 
asparagine'*^ residues. The CP sequences of PU-S and PU-M isolates were also 
identical except at two positions (position 7 and 9). The potential use of the se-
quence differences as markers for differentiating isolates remains to be addressed. 
Comparative sequence analyses of the PRSV isolates from different countries 
at amino acid level revealed that there was no substantial correlation of the CP 
sequence diversity with the geographical origin of the isolates. The isolates from 
India and Bangladesh shared 89-100% sequence identity, while the other Asian 
isolates and the isolates from Australia and Americas (BZ, MX and US) were 
more closely related to each other (93-97% identity). Amongst the Indian isolates, 
maximum variation at amino acid levels was shown by CG, DL, DL-W, JK, KA2, 
UP-LK and WB isolates (up to 11%) followed by AP, HP, KAl and KA3 isolates 
(up to 7%). On the other hand, PU-M, PU-S and UP-V isolates showed least 
variation (up to 3%) (Table 2). Cluster dendrogram based on the nucleotide (not 
shown) and deduced amino acid sequences (Fig. 1) also revealed that clustering of 
the PRSV isolates did not correlate with their geographical origin. PRSV isolates 
were grouped in to two major clusters (Fig. 1). The Asian isolates other than 
the Indian and Bangladesh isolates (CH, JAR PHP, TW, TH and VN) formed 
one cluster. The remaining isolates formed second cluster which were further 
differentiated in to three sub-clusters. Those from central (CG), eastern (JK, WB) 
and northern (DL, UP-LK) India and BD isolate from Bangladesh formed one 
cluster, while the isolates from northern (UP-V) and western (PU-M, PU-S) India, 
Australia (AU), Americas (BZ, MX, US) formed second cluster and the third was 
a cluster of isolates from southern India (AP, KAl, KA2, KA3) and two isolates 
from northern India (HP, DL-W) (Fig. 1). Isolates thus appeared to be a single 
mixed population with some defined sub-population, suggesting that there has 
been mixing and movement of the isolates. 
As shown earlier [2], the present study clearly revealed substantial sequence 
variation (up to 14%) within PRSV population worldwide. The most divergent 
isolates are the Asian isolates (up to 14%). Amongst the Asian isolates, the Indian 
isolates are as different from themselves (0-11%) as they are from Bangladesh 
(9-11 %), other Asian (4-14%), Australian (5-11 %) and Americas (5-11 %). The 
higher divergence exhibited by the Indian isolates could be attributed to wide range 
of cropping systems and agronomic practices followed in different geographical 
regions of the country. The sequence variation however could not be correlated 
with the geographical origin as the HP isolate, though originated from northern 
India, showed high degree of similarity (93-100%) with the isolates originating 
from southern India, forming one cluster. Similarly the CG isolate, which origi-
nated from central India, showed high degree of sequence identity (96%) with the 
JK isolate, which originated from eastern India. In contrast, the UP-V and UP-LK 
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Fig. 1. Phylogenetic tree derived from the amino acid sequences of the coat protein gene 
of the PRSV isolates. Detailed description of PRSV isolates used in this comparison are 
hsted in Table 1. Dendrogram were constructed using the neighbour-joining method with 
bootstrapping (1000 replicates) in TREECON for windows version 1.3 b on sequences 
aligned using CLUSTAL W 1.7 version using PVY coat protein sequence (AFl 18153) 
as the outgroup. Vertical distances are arbitrary. Horizontal distances are proportional to 
genetic distances (bar represent 0.02). The number at nodes refer to number of times 
in which the branching was supported. The tree was rooted on the PVY sequence 
isolates despite originating from one region (Uttar Pradesh) were highly distinct 
(9%). The sequence divergence could not be correlated with biotypes also as the 
identity of the ' W biotype to the other Indian isolates (7-10%) is within the range 
seen between the 'P ' biotypes. 
Coat protein gene of Papaya ringspot virus isolates from India 
The present study combined with the earlier report [9] provides a partial 
profile of PRSV population in India. More sequence data need to be generated to 
ascertain the complete population profile. Limited data definitely reveals that the 
PRSV population is highly diverse. This will have significant impact on devising 
PRSV management strategy in the country through the CP gene derived transgenic 
resistance or mild strain cross-protection [7, 17]. Resistance conferred by the CP 
gene in transgenic papaya is homology dependent and RNA-mediated via post-
transcriptional gene silencing [3,5,6]. Selection of the transgene would be crucial 
to develop durable virus resistant transgenic papaya in the country. 
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Detection of Papaya ring spot virus In naturally infected 
papaya plants by reverse transcription polymerase chain 
reaction 
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Papaya ring spot virus (PRSV), a defiriitive 
member of the genus Potyvirus of Potyviridae 
family (1), causes significant losses worldwide in 
papaya and cucurbits (2). In India also, it is a major 
limiting factor to papaya production in papaya 
growing regions of the country (9). Prevalence of 
both papaya infecting (Type P) and non-papaya 
infecting (Type W) isolates has been recognized 
(7). Molecular diagnosis of P and W isolates has 
been initially achieved by targeting coat protein 
(CP) coding region amplification by reverse 
transcription polymerase chain reaction (RT-PCR) 
using forward primer HRP52 and reverse primers 
HRP1,2,3 derived from the CP and 3'non-coding 
regions of PRSV (3). In another study a set of 
forward (HRP 52) and reverse (RKJ 3) primers 
derived from the CP region were designed, which 
led to the detection of PRSV infection by amplifying 
full CP region from papaya samples collected from 
Maharashtra (P-MH) and Uttar Pradesh (P-UP)(4). 
However, no amplification was obtained from infected 
papaya samples collected from Delhi (P-DL) and 
Karnataka (P-KA) indicating variability in the amino 
terminal region of CP coding region of these isolates 
(4). Therefore, in the present study, another set of 
primers based on the nuclear inclusion protein 
(Nib) region (HRP 50) and the CP coding region 
(RKJ 3) was used for RT-PCR based detection of 
PRSV originating from multiple locations. 
PRSV infected papaya samples exhibiting 
varying symptoms such as yellow mosaic, vein 
clearing, leaf blistering, distortion and shoe-stringing 
"Corresponding author, email: anupamvarma@vsnl.net 
were collected from different locations (Table 1). 
The virus identity from symptomatic samples was 
confirmed by electron microscopy of negatively 
stained leaf-dip preparation and immuno electron 
microscopy (lEM) decoration test (5) using 
polyclonal antiserum directed against coat protein 
of Delhi isolate. For RT-PCR, total RNA from CaCI^ 
dried or fresh healthy and infected tissue (100 mg) 
was extracted using RNeasy kit according to 
manufacturer's instructions (Qiagen Inc.). The 
resulting RNA preparation was incubated at 70°C 
for 5 min and snap-cooled on wet ice for 2 min and 
then used as template. RT-PCR was performed in 
the same tube without any buffer changes as 
described earlier (6). The PCR reaction mix (100pl) 
contained 200 ng each of the primers (HRP 50 and 
RKJ 3; Fig.1), 16-20 units RNasin (MBI Fermentas 
Inc.), 10 units Omniscript reverse transcriptase 
(Qiagen Inc.), 2.5 units Taq polymerase (Qiagen 
inc.), IX PCR buffer, 10 mM dithiotheritol, 1XQ 
solution and 10 l^M each of the dNTPs. PCR mix 
with the above components was added to the tubes 
containing the template RNA resulting in a final 
reaction volume of 100 pi. The amplification 
conditions included one cycle of 45 min at 42°C, 40 
cycles of 30 s at 94°C, 2 min at 46°C and 1 min 
at 72°C and one cycle of 60 min at 72° C. Following 
PCR, reaction products (20 \i\) were analysed on 
1% agarose gel (8). One kb ladder (MBI Fermentas 
Inc.) was used as a size standard. 
Using primers HRP 50 derived from the 
conserved region of the Potyvirus from the Nib 
region and RKJ 3 representing the last 20 conserved 
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Table 1. Papaya ring spot virus isolates used in the study and their detection by lEM and RT-PCR 
Virus 
Isolate 
Origin Symptoms @ IEM# RT-PCR 
(HRP 52 
& RKJ 3)* 
RT-PCR 
(HRP 50 
& RKJ 3)* 
P-CH Raipur, Chattisgarh 
P-DL Delhi 
P-HP Solan, HImachal Pradesh 
P-JH Ranchi, Jharkhand 
P-KA Dhanvad, Karnataka 
P-MH Pune, Maharashtra 
P-UP Lucknow, Uttar Pradesh 
YM.VC 
YM, VC, LB, LD, SS 
YM.VC 
YM, VC 
YM, LD, SS 
YM, VC, LB, LD, SS 
YM, VC, LB, LD, SS 
@: YM = Yellow mosaic; VC = Vein clearing; LB = Leaf blistering; LD = Leaf distortion; SS = Shoe stringing 
#: Detection of flexuous particles by immuno electron microscopy using antibodies to coat protein of Papaya ring spot 
virus (Delhi) isolate 
Primers as given in Fig. 1; ®: positive result; ®: negative result; not tested. 
Nit) CP 
J 6.C L^ 
H,;j 1 
1 K,., 
1 5kb-»-
1 kb-» 
750 bp-» 
Fig. 2.Aga 
1 2 3 4 5 6 7 8 9 10 
Fig. 1. Schematic strategy used to amplify complete 
coat protein and part of nuclear inclusion protein 
regions of Papaya ring spot virus isolates by 
RT-PCR. The primers used were: HRP 1: 5' 
TTTTTTTTTTTTTTTTTTTTTA3'; HRP 2: 5' 
TTTTTTTTTTTTTrTTTTTTTGS'; HRP 3; 5' 
TTT TTT TTT TFT TTT TTT TTT C 3'; HRP 50: 
5' ATG ATA GAG TCA TGG GG 3'; HRP 52: 5' 
TCC AA(A/G) AAT GAA GCT GTG GAT GCT 3'; 
RKJ 3; 5'GTT GCG CAT ACC CAG GAG AG 3'. 
Arrowheads indicate orientation of the primers. 
Double arrowheads indicate amplicons and 
their sizes 
bases of the CP region, RT-PCR was successful in 
amplifying the full CP and a part of Nib coding 
regions of PRSV from naturally infected papaya 
samples originating from Chattisgarh, Delhi, 
Himachal Pradesh, Jharkhand, Karnataka, 
[Maharashtra and Uttar Pradesh (Table 1). These 
primers gave amplicons of expected size (>1kb) in 
all the seven isolates tested (Fig. 2, lanes 2-8). No 
amplification was obtained when healthy papaya 
tissue was used as template (Fig. 2, lane 9), 
indicating specificity of the PCR products. The 
identity of these amplicons was confirmed by 
cloning and sequencing (data not shown). 
>1 kb 
3 gel electrophoresis of reverse 
transcription polymerase chain reaction (RT-
PCR) products. Lanes 1 and 10: 1 kb ladder as 
size standard; Lanes 2,3,4,5,6,7,8: RT-PCR 
products of isolates P-JH, P-CH, P-DL, P-HP, 
P-KA, P-MH and P-UP;1.ane 9: RT-PCR product 
from healthy plant. Arrows on the left indicate 
sizes of marker fragments and the arrow on the 
right indicates the position of amplified products 
This study demonstrates the wider application 
of the primers HRP 50 and RKJ 3 for, the diagnosis 
of PRSV infection by RT-PCR from naturally 
infected papaya samples originating from seven 
different locations. The method involved one set of 
primers derived from the conserved regions, thus 
making it suitable to diagnose PRSV samples 
originating from multiple locations. Besides, the 
method has the potential to process large number 
of samples as it is based on single tube without 
any buffer change. PRSV infection is fast spreading 
in India on papaya and various cucurbits. The 
method, developed to detect diverse isolates of 
PRSV, will be useful not only for diagnosis but also 
for determining the distribution profile of the virus, 
thereby mapping disease free and disease prone 
areas. 
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ftrptr goUem mouuc rina Affecting TMnato Crops in the B^ja 
CaHfornia Pcninsnla, Mexka R. J. Holgufn-Pena and R. V^uez 
Juarez. Centro de lovesdgacioiies Bioldgicas del Noroeste, P.O. Box 128, 
La Paz. Baja California Sur 23000, Mexico; and R. F. Rivera-BusUmante, 
Depaitamealo de Ingenieiia Gen^ca, Centro de Investigacidn y de 
Esludios Avanzados, V. Irapuato, P.O. Box 629, Irapuato, Gto 36500. 
Mexico. Plant Dis. 88:221. 2004; pubUshed oo-Une as D-2003-1127-O1N, 
2004. Accepted for publication 27 October 2003. 
In the state of Baja California Sur. tomatoes (Lycopersicon esculentum 
Mill.) are cultivated on approximately 1,000 ha. Occurrence of viral 
diseases is currently causiiig low yields and severe losses. Virus-like 
symptoms (severe leaf cuiiing, stunting, reduced leaf size, and mosaic 
patterns) were observed on 99% of tomato plants in 2002 in La Paz, Baja 
California Sur. Whiteflies (Bemisia labaci Gennadius) were present in 
affected fields and appeared to be associated with the disease. The vinis 
was experimentally transmitted from infected plants to tomato and 
peppers seedlings by whiteflies and as infectious DNA (replicative form) 
by mechanical and bioUstic inoculation. Symptoms similar to those found 
in the field were observed in experimental transmission assays. DNA from 
inoculated plants was extracted and analyzed by DNA hybridization and 
polymerase chain reaction (PCR) using degenerate (I) and specific (2) 
primers. The PCR products (I.I Icb) obtained from the common region 
(GenBank Accession No. AY368336) suggested the presence of a bipartite 
geminivirus. The nucleotide sequence of the PCR products showed a 98% 
identity to Pepper golden mosaic vinu-Tamaulipas strain (PepGMV-Tam) 
in the inteigenic region (IR). Similar identities (97%) were obtained by 
using the predicted amino acid sequences (rf the amino termini of Ifae coat 
proteins. Identities in the replication proteins (92%) and IR iterative 
sequence analyses show that the PepGMV-La Paz isolate is a closely 
related strain of PepGMV-Tam. To our knowledge, this is the first report 
of PepGMV affecting tomato crops in Baja Oilifomia Sur. Mexico. 
Refmitces: (I) M. R. Roiasel al. Plant Dis. 77:340. 1993. (2) I. Tocres-Pachecoel •!. 
PliyulMIIiology 86:1186.1996. 
48 h and maintained in a greenhouse (23 to 2S°C). After 7 to 10 days, all 
plants developed the characteristic leaf spots and stem lesions, and R. 
sphaenridea was reisolated bom such symptoms. Plants treated with only 
water did not develop symptoms. However, because disease incidence on 
test plants was low. inoculum was also prepared in water amended with 
I.O ppm of Tween 20. Four pots each of purple and lana woollypod vetch 
were sprayed with amended or nonamended inocula. and plants were 
handled as described. After 10 days, plants inoculated with Tween 20 
amended inoculum had significantly hi^ier disease incidence and severity 
(purple = 83% of leaflets infected widi a mean of 3.4 spots per leaflet; 
lana = 83% infected with a mean of 3.2 spots) than did plants inoculated 
with water-only conidial suspensions (purple = 27% and a mean of 0.4 
spots; lana = 38% and a mean of 0.6 spots). Fmally, two other vetches 
used in the Salinas Valley were inoculated with the two suspensions. After 
2 weeks, common {V. saliva) and languedoc (K saliva 'Languedoc') vetch 
showed no symptoms, and control plants of purple and lana vetch 
developed disease. All inoculation tests were repeated, and results were 
similar. To our knowledge, this is the first report of R. sphaeroidea as a 
pathogen of purple and lana woollypod vetches in California. 
Reference: (1) U. Bnun. A Monograph of Cercosponlia, RamuJaria, and Allied 
Geoen (Phylopathogenic Hyphomyceles) Vol 2. IHW-Veriag, Ecfaing. Gennaay, 
1998. 
first Report of Occnrreiice of Pofaja ring spot rams Infectiiig Papaya 
in Bangladesh. R. K. Jain, Advanced Center for PlaiM Virology, Division 
of Plant Pathology, Indian Agricultural Research Institute, New Delhi 110 
012, India; K. M. Nasiniddin, Department of Biotechnology, Bangladesh 
Agricultural University, Mymensingh 220Z Bangladesh; and Jyoti 
Sharma, R. P. Pant, and A. Varma, Advanced Center for Plant Virology. 
Division of Plant Pathology, Indian Agricultural Research Instiute. New 
Delhi 110 012, India; Plant Dis. 88:221, 2004; published on-line as D-
2003-1201-01N, 2004. Accepted for publication 1 October 2003. 
Leaf and Stem Spot Camcd by Kamataria tpkaenidta oo Purple and 
Lana WooUypod Vetdi (VScu app-) Cover Crops in CaUfomia. S. T 
Koike and R. F. Smith, University of Califoniia ^operative Extension, 
Salinas, 93901; and P. W. Crous and J. Z. Groenewald, Centraalbureau 
voor Schimmelcultures, Utrecht, the Netherlands. Plant Dis. 88:221.20O4; 
published on-line as D-2003-1208-02N, 2004. Accepted for publication 
20 November 2003. 
Vetches {Vicia spp.) are planted alone or in combination with other 
plants as cover crops in vegetable production areas of C^alifomia. 
December 2001 through Febroaiy 2003, purple {V. benghalensis) and lana 
woollypod (V. viUosa subsp. varia) voches in the Salinas Valley 
(Monterey County) developed a foliar disease. Symptoms were small ( ^ 
mm in diameter), circular to oblong, purple browii-to-rcd brown spots duu 
were visible from the adaxia] and abaxial leaf sides, and occuned lower in 
the plant canopy. White spomlatioo was visible in the spot centers. Stems 
were infected and had elongated, irregularly shaped, brown lesions that 
were <S mm long and had white sponilation. When fimgal masses or 
tissues bom lesions were placed on acidified potato dextrose agar (LA-
PDA), a fungus was consistently recovered. On LA-PDA, the isolates 
produced slow-growing (30 mm ctrioay diamrtrr in 45 days), irregularly 
raised, light pink and while colonies that produced daik exudates. The 
uodersurfaces of cultures were gray black. The growth on lesions 
consisted of fascicles of conidi(q)hores that were hyaline, smooth, 
flexuous, distinctly geniculate, and measured 20 to 120 x 2.5 to 6 pm. 
Conidia were hyaline, subglobose, smooth, aseptate, measured 9 to IS x 8 
to 13 pm. and formed singly. The internal transcribed spacer rDNA 
sequence of a representative strain (CBS 112891) was determined using 
standard protocols (GeaBank Accession No. AY352S84). A nucleotide 
BLAST search revealed a 94 to 97% similarity to other species of 
Ramularia (OnBank Accession Noa. AF222848, AF173310, AJ417496, 
AF362060, and AF297235). On the basis of diese morphological and 
mdecular data, the fungus was identified as Ramularia sphaeroidea Sacc. 
(= Ovularia sphaeroidea (Sacc.) Sacc.) (I). Pathogenicity of six isolates 
grown on LA-FDA was coofinned by spra^qog conidial suspensions (1.0 x 
lO' conidia per ml) onto direct-seeded, 8-wedc-oid, potted purple and lana 
woollypod vetch (12 plants'each). Plants were k ^ in a dew chamber for 
Papaya (Carica papaya L.) is an important fruit crop in Bangladesh. 
During surveys conducted in Dhaka and Mymensingh regions bom April 
to June 2003, >S0% of papaya plants were observed to have leaf mottling, 
mosaic and mild distortion, and water-soaked streaks on petioles and 
stem, which are typical symptoms of Papaya ring spot virus (PRSV) 
infection. Electron-microscopic examination of negatively stained leaf-dip 
preparations from 10 symptomatic samples revealed the association of 
flexuous virus particles that were decorated with polyclonal antibodies 
raised to an isolate bom India (PRSV-D). The identity of PRSV associated 
with the papaya disease in Bangladesh was fiuther confirmed by reverse 
transcriptioa polymerase chain reactioo and sequence analysis (2). By 
using niSV specific primers (2), the 3'-tenninal region comprising a part 
of the nuclear mclusion b gene, the coat protein (C/>) gene, and the 
untranslated region were amplified and sequenced (GenBank Accession 
No. AY423SS7). The CP gene consisted of 286 amino acids and the 
conserved regions common to the genus Potyvirus, such as WCIEN and 
QMKAA, were present Like all known PRSV sequences (1), a stretch of 
glutamic acid and lysine repeats (EK region) after the aphid transmission 
motif (DAG) also was present Comparative CP amino acid sequence 
analyses revealed that the virus infecting p^Mya in Bangladesh, 
designated as PRSV-Bd. shared 89 to 92% identity widi PRSV isolates 
bom India and 88 to 93% identity vrith isolates fiom other parts of the 
wortd. lb our knowledge, this is the first report of occurrence of PRSV 
infecting papaya in Bangladesh 
References: (I) M. F. Bueson et al. J. Geo. Virol. 83:2373, 2002. (2) R. K. Jain el al. 
Aao Appl. Bid. 132:413,1998. 
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